Conception de systèmes de communication sans fils avec connaissance imparfaite du canal by Xiao, Lei
Design of wireless communication system with imperfect
channel state information
Lei Xiao
To cite this version:
Lei Xiao. Design of wireless communication system with imperfect channel state information.
Networking and Internet Architecture [cs.NI]. Te´le´com ParisTech, 2012. English. <NNT :
2012ENST0054>. <tel-01234276>
HAL Id: tel-01234276
https://pastel.archives-ouvertes.fr/tel-01234276
Submitted on 26 Nov 2015
HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.
L’archive ouverte pluridisciplinaire HAL, est
destine´e au de´poˆt et a` la diffusion de documents
scientifiques de niveau recherche, publie´s ou non,
e´manant des e´tablissements d’enseignement et de
recherche franc¸ais ou e´trangers, des laboratoires
publics ou prive´s.
2012-ENST-0054
EDITE - ED 130
Doctorat ParisTech
T H è S E
pour obtenir le grade de docteur délivré par
TELECOM ParisTech
Spécialité « Electronique et Communications »
présentée et soutenue publiquement par
Lei Xiao
28/09/2012
Conception de systemes de communication sans fils
avec connaissance imparfaite du canal
Directeur de thèse : Laura Cottatellucci
Jury
M. Jean-Claude Belfiore, Prof., Wireless Communication, Tél écom Paristech Président
M. Giorgio Matteo Vitetta, Prof., Information Engineering, Modena University Rapporteurs
M. Wolfgang Gerstacker, Prof., Telecommunication Laboratory, Erlangen University Rapporteurs
M. David Gesbert, Prof., Wireless Communication, Eurecom Examniateurs
M. Gael Scot, Doctor, Satellite Communication Department, CNES Examniateurs
Mme. Laura Cottatellucci, Prof., Wireless Communication, Eurecom Directeur de the`se
TELECOM ParisTech
école de l’Institut Télécom - membre de ParisTech

 !""#$%&%!'(
 ! "#$%&#' ()'*''+,!% -. %/, 0,1)&$,+,!%2
.-$ %/, 3,4$,, -. 3-5%-$ -. "/&'-2-6/7
.$-+ 89:9;<= "#$&28,5/
>6,5&#'&?#%&-! @ ;-++)!&5#%&-! #!A 9',5%$-!&52
)*+ ,+-.
 */+01 .2 3+4*5*// 6.7781+9-:+.1 ";/:*7 <+:=
+7>*42*9: 6=-11*5 ":-:* !12.47-:+.1
 !"!#$! $%&!'()!' *# +&! ,-+& *" .!/+!01!2 ,34, 1!"*2! 5 %*006++!!
%*0/*$!' *" 7
8!/*2+!2$ 92*": ;6*2<6* =6+!++5> ?#6@!2$6+A '6 B*'!#5 ! 8!<<6* C06)65> D+5)E
92*": F*)"<5#< ;!2$+5%G!2> ?#@6@!2$6+E C2)5#<!#HIJ2#1!2<> ;!205#E
CK506#!2$ 92*":  5@6' ;!$1!2+> C?8CLMB> N25#%!
92*": O!5#HL)5('! P!)Q*2!> R!)!%*0 9526$R!%&> N25#%!
 2: ;5!) .%*+> LIC.> N25#%!
R&!$6$ $(/!2@6$*2 S$$6$+5#+ 92*": T5(25 L*++5+!))(%%6> C?8CLMB> N25#%!

 !"#$
 !"#$%&"$  '(! ')&$%*! +$ ,!-.$ .$
 !"#$%& '$ ()*)+,- ./&01($"2
/ "0*-+*&" 1 2'33(%*0-&*'% $& 4+$0&!'%*5($
%&' (')*
+*,-&./'*, 0& #12/34&2 0& +*445,'-)/'*, 2),2
6'72 )8&- +*,,)'22),-& '4.)9:)'/& 05 +),)7
 !"#$ %&'()$ *$ +, -$%.$/0&$ +12+ 3$(45. *$ 6)&7 89/%9#' 3$ :
;$%9&.$&# <&9=> ?@9&A@9 B@.$..4C D5@($&#@.E 3@ F93$54 $ ;$AA@9 G/@*@4C H.4*7
<&9=> I9*=A45A ?$&#.48J$&C D5(@($&#@.7 G&*45A$5KLM&50$&AC ?$&/457
GN4/@5$&# <&9=> O4(@3 ?$#0$&.C GD;GPQFC R&458$
<&9=> S$45KP*4)3$ T$*U9&$C  $*$89/ <4&@# $8!C R&458$
O&> ?4$* -89.C PLG-C R&458$
 !$#@# #)%$&(@#9& V##@#.45. <&9=> W4)&4 P9..4.$**)88@C GD;GPQFC R&458$

 !"#$%&'()'*'#+,
 !"#$ %& '(() * +%,(- (!./ $% /01"/## 23 -//1/#$ '4- #!45/"/#$ 6"'$/&,(4/##
$% 7"%&8 9',"' :%$$'$/((,55!) 23 '-;!#%" %& $</ 7<8=8 $</#!#8 ><"// '4- <'(&
3/'"# '6%) #</ %?/"/- 2/ $</ %11%"$,4!$3 $% @/5%2/ ' 7<8=8 #$,-/4$8 A!45/
$</4) #</ <'# 2'-/ #% 2,5< /?%"$# $% #,11%"$ 2/) $% 2%$!;'$/ 2/ '4- $%
6,!-/ 2/8 A</ #1/4$ /4%"2%,# $!2/ -!#5,##!46 +!$< 2/ '4- !4#1!"!46 2/8
B%"/ !21%"$'4$(3) !4 $</ 1'#$ &/+ 3/'"#) #</ <'# -/(!;/"/- $% 2/ ' 6"/'$
/0'21(/ <%+ $% @/5%2/ ' C,'(!D/- '4- 1"%&/##!%4'( "/#/'"5</" '4- <%+ $%
@/<';/ (!./ ' "/#1/5$'@(/ 1/"#%48 E!$<%,$ </" /0$"/2/(3 .!4- </(1) * 5%,(-
4/;/" '55%21(!#< $<!# $</#!#8
* +%,(- '(#% (!./ $% $<'4. 23 F,"3 2/2@/"#8 ><'4. 3%, #% 2,5< &%"
#1/4-!46 3%," 1"/5!%,# $!2/ "/'-!46 23 $</#!#) '4- /4'@(/ $</ D4'( -/&/4#/
%& 23 $</#!#8
* +%,(- '(#% (!./ /01"/## 23 '11"/5!'$!%4 $% '(( %& 23 -/'" 5%((/6/# '4-
5(%#/ &"!/4-# !4 G,"/5%28 * '(+'3# &//( 23#/(& /0$"/2/(3 (,5.3 $% +%". !4 '
1('5/ (!./ G,"/5%28 *$ !# ' @!6 &'2!(38 7/%1(/ 5%2/ '4- (/';/) @,$ * +!(( '(+'3#
1,$ /;/"3%4/ %& 3%, !4 ' ;/"3 #1/5!'( 1('5/ !4 23 </'"$8 G#1/5!'((3) * +%,(-
(!./ $% $<'4. 23 (%;/(3 &"!/4-#)  "'45/#5% H/6"% '4- 9%"/4I% B'66!8 ><'4.
3%, &%" 3%," 5%4#$'4$ #,11%"$ $% </(1 2/ $% %;/"5%2/ #% 2'43 -!J5,($!/#8
><!# &"!/4-#<!1 #<'(( @/ 4/;/" &%"6%$$/48 K--!$!%4'((3) 23 -/'" &"!/4- L!4<,!
:</4 '(#% </(1/- 2/ ' (%$ +</4 * '""!;/- '$ G,"/5%28 A</ </(1/- 2/ $%
#/$$(/ -%+4 '4- 1"%;!-/- 2/ #% 2'43 ;'(,'@(/ #,66/#$!%4# $<'$ 2'./ 23
(!&/ '4- +%". 2,5< /'#!/"8 * +%,(- '(#% (!./ $% /01"/## 23 6"'$/&,(4/## $% 23
%J5/2'$/#)  '",.< B,4!") K6!#!('%# 7'1'-%6!'44!#)  ',I! M''@!) K2'"'
B,#$'1<') K2/(!/ N3"'"-8 * &//( 23#/(& /0$"/2/(3 (,5.3 $% <';/ $</ 5<'45/
$% +%". +!$< $</#/ .!4- '4- &,443 1/%1(/8 ></3 D((/- 23 (!&/ +!$< #,4#<!4/8
* 5%,(- 4%$ '5<!/;/ '43$<!46 +!$<%,$ $</ ;/"3 1"/5!%,# #,11%"$ &"%2 23
&'2!(3 '4- 23 &"!/4-#8 B3 1'"/4$# '4- 23 5%,#!4 <';/ '(+'3# @//4 $</"/
&%" 2/) 4% 2'$$/" +</4 * '2 <!6< %" (%+8 O!I</4 P<'46) O!4'4 9!,) E/!
Q'4) P!<'46  /46 '4- M,4(!4 O'46 '"/ 23 ;/"3 5(%#/ &"!/4-# !4  "'45/8 *
+!(( 4/;/" &%"6/$ $<%#/ +%4-/"&,( 6'$</"!46 '4- (',6<$/"#8 * +%,(- '(#% (!./
$% $<'4. 9!46 9,%) O! E'46) >'% A,4 '4- L!' R'%8 ><%,6< +/ '"/ &'" '1'"$
6/%6"'1<!5'((3) @,$ %," </'"$# '(+'3# @!4- $%6/$</"8 ><"%,6<%,$ $</#/ 3/'"#)
3%," .!4- #,11%"$ '4- 5'"/ 1"%;/ $<'$ 3%, '"/ $</ !4;'(,'@(/ $"/'#,"/# !4
23 (!&/8
!
  !"#$%&'()*(+($,-
 !"#$$%& ' ()*$+ $!,- .) +-+!/#.- .0!1 ()2, .) 3% *"/$- !" .0- 3-3)2% )4
0!35
 !"#$%&#
 ! "#$ %&'" ()&" *+ "#$ "#$','- .$ +*/0' *! "#$ 1$',2! *+ ) /*3(4$"$ ')5
"$44,"$ /*330!,/)",*! '6'"$3 )1*(",!2 )1)(",7$ 8$)3+*&3,!2 .,"# 3*8,4$
')"$44,"$ "$&3,!)4'9 :*3()&$1 .,"# /*!7$!",*!)4 %;$1 8$)3+*&3,!2- )1)(5
",7$ 8$)3+*&3,!2 /)! ',2!,%/)!"46 ,3(&*7$ "#$ /)()/,"6 *+ ) ')"$44,"$ '6'"$3
,! "$&3' *+ '$&7$1 ')"$44,"$ "$&3,!)4' <=>? )!1 (*.$& $@/,$!/69 A*& "#$ 1$5
',2! *+ )! )1)(",7$ 8$)3+*&3,!2 '6'"$3- /#)!!$4 '")"$ ,!+*&3)",*! <:= ? ,'
/&,",/)49 =,!/$ "#$ (&*()2)",*! 1$4)6 ,' "** 4*!2 /*3()&$1 "* "#$ /*#$&$!/$
",3$ *+ "#$ /#)!!$4- "#$ ,!'")!")!$*0' := ,' )4&$)16 '")4$ .#$! (&*/$''$1
+*& 8$)3+*&3,!29 B*.$7$&- '*3$ ()&"' *+ "#$ /#)!!$4- 3*&$ '($/,%/)446- 1,5
&$/",7,"6 7$/"*&' /#)!2$ C0,"$ '4*.469 D$ 0",4,E$ "#,' ()&",)4 F!*.4$12$ *+
:= "* 1$',2! )! )1)(",7$ 8$)3+*&3,!2 '6'"$39
 ! *&1$& "* $'",3)"$ "#$ 1,&$/",7,"6 7$/"*&'- .$ (&*(*'$ )! )42*&,"#3
8)'$1 *! ) 4$)'" 'C0)&$ $&&*& /&,"$&,*!9 >#$!- 8)'$1 *! "#$ $'",3)",*! *+
1,&$/",7,"6 7$/"*&'- .$ (&*(*'$ ".* #$0&,'",/' )((&*)/#$' "* "#$ 1$',2! *+
)1)(",7$ 8$)3+*&3,!29 G11,",*!)446- .$ )4'* (&*(*'$ ".* )((&*)/#$'- 8)'$1
*! 1,&$/",7,"6 $'",3)",*! +*& "#$ 1$"$/",*! *+ "&)!'3,"",!2 "$&3,!)4' )!1 "#$
(*'',84$ &$'*40",*! *+ /*44,',*!' ,! "#$ &)!1*3 )//$'' /#)!!$4 *+ "#$ ')"$44,"$
'6'"$39 =,!/$ =HIG '6'"$3 ($&+*&3)!/$ 1$($!1' '"&*!246 *! "#$ '()",)4
4*/)",*!' *+ /*5$;,'",!2 "$&3,!)4'- .$ )4'* (&*(*'$ ".* 4*. /*3(4$;,"6 )42*5
&,"#3' +*& +&$C0$!/6 )44*/)",*! ,! ) ')"$44,"$ /*330!,/)",*! '6'"$39 A,!)446-
.$ ',304)"$ ) /*3(4$"$ ')"$44,"$ '6'"$3- ,!/401,!2 ) &)!1*3 )//$'' /#)!!$4
)!1 ) /*!!$/",*!5*&,$!"$1 /#)!!$49 D$ )!)46E$ "#$ '6'"$3 ($&+*&3)!/$ )!1
/*3()&$ ," "* /*!7$!",*!)4 %;$1 8$)3+*&3,!2 '6'"$3'9
 ! "#$ '$/*!1 ()&" *+ "#$ .*&F- .$ /*!',1$& ) 84*/F +)1,!2 ,!"$&+$&,!2
/#)!!$4 .,"# ".* "&)!'3,""$&J&$/$,7$& (),&'9 D$ )''03$ "#)" 8*"# "&)!'3,"5
"$&' #)7$ ($&+$/" F!*.4$12$ *+ 1,&$/" 4,!F' 80" #)7$ *!46 '")",'",/)4 F!*.4$12$
*+ "#$ ,!"$&+$&,!2 4,!F'9 D$ '"016 "#$ (&*84$3 *+ "&)!'3,'',*! &)"$ )!1 (*5
.$& )44*/)",*! ,! )! )0"*!*3*0' )!1 1$/$!"&)4,E$1 3)!!$& ,! "#$ )8'$!/$
*+ ($&+$/" := 9 K$'*0&/$ )44*/)",*! )42*&,"#3' 8)'$1 *! L)6$',)! 2)3$' )!1
*(",3,E)",*! )&$ (&*(*'$19
,,,
 ! "#$%&'(%
 !"#$%&# '
 !"# $! %&'()*&' %!&+)' ,' $! +-*#'. /" #' 0/"0'"+&' #1& $! 0/"0'%+)/" ,21"
#3#+*(' ,' 0/((1")0!+)/" %!& #!+'$$)+' 0/(%$'+ #' 4!#!"+ #1& $! 0/"#+&10+)/"
,' 5!)#0'!16 !,!%+!+)5# !16 +'&()"!16 (/4)$'#7 8/(%!&9 : $! 0/"#+&10+)/"
0$!##);1' ,' 5!)#0'!16 <6'#. $' #3#+*(' : 5!)#0'!16 !,!%+!+)5# %'1+ 0/"#),9=
&!4$'('"+ !(9$)/&'& $! 0!%!0)+9 ,1 #3#+*(' '" +'&('# ,1 "/(4&' ,' >?#
,'##'&@)'# '+ ,' $2'A0!0)+9 9"'&B9+);1'7 C/1& $! 0/"0'%+)/" ,1 #3#+*(' :
5!)#0'!16 !,!%+!+)5#. $'# )"5/&(!+)/"# #1& $29+!+ ,' 0!"!$ D8>EF #/"+ '##'"=
+)'$$'#7 G1 ;1' $' +'(%# ,' %&/%!B!+)/" '#+ +&/% $/"B %!& &!%%/&+ !1 +'(%#
,' 0/-9&'"0' ,1 0!"!$. $' 8>E )"#+!"+!"9' '#+ ,9H: %9&)(9 $/&#;12)$ '#+ &'I1
%/1& $! 0/"#+&10+)/" ,'# 5!)#0'!167 8'%'",!"+. 1"' %!&+)' ,' $2)"5/&(!+)/"
,1 0!"!$. %$1# %!&+)01$)*&'('"+. $'# @'0+'1&# ,' ,)&'0+)@)+9 /"+ 1"' @!&)!+)/"
!##'J $'"+'7 K" 1+)$)#' 0'++' 0/""!)##!"0' %!&+)'$$' ,1 8>E %/1& 0/"0'@/)& $'
#3#+*(' : 4!#' ,' 5!)#0'!16 !,!%+!+)5#7
L<" ,2'#+)('& $'# @'0+'1&# ,' ,)&'0+)@)+9. /" %&/%/#' 1" !$B/&)+-(' 4!#9
#1& 1" 0&)+*&' ,' ()")()#!+)/" ,' $2'&&'1& ;1!,&!+);1'7 C1)#. 4!#9' #1& $2'#+)=
(!+)/" ,'# @'0+'1&# ,' ,)&'0+)@)+9. /" %&9#'"+' ,'16 !%%&/0-'# -'1&)#+);1'#
%/1& $! 0/"0'%+)/" ,'# 5!)#0'!167 M" /1+&'. /" %&/%/#' 9B!$'('"+ ,'16 !%=
%&/0-'# ;1) &'%/#'"+ #1& $2'#+)(!+)/" ,' $! ,)&'0+)@)+9 %/1& $! ,9+'0+)/" ,'#
>?# '+ $! &9#/$1+)/" %/##)4$' ,'# 0/$$)#)/"# #1& $' 0!"!$ ,2!00*# !$9!+/)&' !1 #!=
+'$$)+'7 8/((' $! %'&5/&(!"0' ,1 #3#+*(' > NL ,9%'", 5/&+'('"+ ,'# %/=
#)+)/"# #%!+)!$'# ,'# >?# 0/='6)#+!"+#. /" %&/%/#' ,'16 !$B/&)+-('# ,' 5!)4$'
0/(%$'6)+9 %/1& $2!++&)41+)/" ,'# 5&9;1'"0'# ,!"# $' #3#+*(' ,' 0/((1")0!=
+)/" %!& #!+'$$)+'7 M"<". /" #)(1$' $' #3#+*(' #!+'$$)+' 0/(%$'+. 0/(%/&+!"+
1" 0!"!$ ,2!00*# !$9!+/)&' '+ 1" 0!"!$ /&)'"+9 0/""'6)/"7 K" !"!$3#' $'#
%'&5/&(!"0'# ,1 #3#+*(' '+ $' 0/(%!&' : ,'# #3#+*('# 0$!##);1'# !@'0 ,'#
5!)#0'!16 <6'#7
 !"# $! #'0/",' %!&+)' ,' $2/1@&!B'. /" 0/"#),*&' 1" 0!"!$ : )"+'&59&'"0'
!@'0 9@!"/1)##'('"+ %!& 4$/0# 0/"+'"!"+ ,'16 %!)&'# ,29('++'1&#O&90'%+'1&#7
K" #1%%/#' ;1' $'# ,'16 9('++'1&# /"+ 1"' %!&5!)+' 0/""!)##!"0' ,'# $)'"#
,)&'0+# (!)# "2/"+ ;121"' 0/""!)##!"0' #+!+)#+);1' ,'# $)'"# )"+'&59&'"+#7 K"
9+1,)' $' %&/4$*(' ,' $2!$$/0!+)/" ,'# ,94)+# ,' +&!"#()##)/" '+ ,'# %1)##!"0'#
,' (!")*&' !1+/"/(' '+ ,90'"+&!$)#9'. '" $2!4#'"0' ,' 0/""!)##!"0' %!&5!)+'
,1 8>E7  '# !$B/&)+-('# ,2!$$/0!+)/" ,'# &'##/1&0'# 4!#9# #1& $' H'1 4!39#)'"
'+ $2/%+)()#!+)/" #/"+ %&/%/#9#7
 ! "#$%&'(%
 !"#$ %& '%()$()*
 !"#$%&'()'*'#+, - - - - - - - - - - - - - - - - - - - - - - - - - - - .
 /,+01!+ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - ...
 /,+01!+ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 2
3$#+'#+, - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 2..
4.,+ $5 6.)70', - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 8.
 !0$#9*, - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - :
;$+1+.$#, - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - :
 !"#$%&'($&"#)  
* !"#$%&'($&"# +
 !"#$%%&#$ !'(#$) *$(&+, -&#.  )/$01$2# 3.",,$% !#"#$
 ,140)"#&4, 5
, -"$&"#) ./ '0)/1 2%"'3450$&6(/) /$ 7"$&80$&"#)   
<-: =#+0$(7!+.$# - - - - - - - - - - - - - - - - - - - - - - - - - - - - ::
<-> ?'!@#.A7', (B1!!C, *7&+.D&' '+ EFG - - - - - - - - - - - - - :H
<-< I0$D1)1+.$# (1#, &' !1#1& (' !$**7#.!1+.$# D10 ,1+'&&.+' - - :J
<-K G1+0.!' (' (.0'!+.2.+L !', !1#178 (' !$**7#.!1+.$# D10 ,1+'&&.+' :J
<-H  #+'##', .#+'&&.)'#+', '+ +'!@#$&$).' /'1*5$0*.#) - - - - - - :M
<-J E1+'&&.+', *7&+.D&', '+ ,+01+L).', (' !$72'0+70' - - - - - - - - - :N
<-M  ++0./7+.$# (', 50LA7'#!', (1#, EFG - - - - - - - - - - - - - >:
<-O  !!C, 1&L1+$.0' (1#, &', !$**7#.!1+.$#, D10 ,1+'&&.+' - - - - - >:
<-N  A7.,.+.$# (' &B.#5$0*1+.$# D10+.'&&' (7 !1#1& (' +01#,*.,,.$# >>
9 :0;<=%"(#.1 !>033/#=/) 0#. 7"$&80$&"#) *+
K-: =#+0$(7!+.$# - - - - - - - - - - - - - - - - - - - - - - - - - - - - >H
K-> G7&+.D&'  !!',, E!@'*', 1#( EFG - - - - - - - - - - - - - - >O
K-< I0$D1)1+.$# .# E1+'&&.+' 3$**7#.!1+.$# 3@1##'& - - - - - - - >N
K-K F.0'!+.2.+9 G1+0.8 .# E1+'&&.+' 3$**7#.!1+.$# 3@1##'& - - - <P
K-H E*10+  #+'##1 1#( Q'1*5$0*.#) ?'!@#$&$)9 - - - - - - - - - <P
K-J G7&+.D&' E1+'&&.+' 1#( 3$2'01)' E+01+').', - - - - - - - - - - - <>
K-M 60'A7'#!9  &&$!1+.$# .# EFG - - - - - - - - - - - - - - - - - <K
2..
 !!! "#$%& '( )'*+&*+,
 !" #$%&'( )**+,, -% .$/+00-/+ 1'((2%-*$/-'% ! ! ! ! ! ! ! ! ! ! 3 
 !4 5$6/-$0 17$%%+0 ./$/+ 8%9'6($/-'% )*:2-,-/-'% ! ! ! ! ! ! ! ! 3 
 !"#$%%&#$ !'(#$) *+,$% -.
;!< ='6>$6& ?-%@ ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! 3"
;!<!< 1'66+0$/-'% A$/6-B $/ /7+ #+*+-C+6 ! ! ! ! ! ! ! ! ! ! ! 34
;!<!D 56'E$F$/-'% A$/6-B ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! !  <
;!<!3 G-6+*/-C-/H ($/6-B ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! !  <
;!D #+C+6,+ ?-%@ ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! !   
/ 0,"1#&2$ 3$")4+5)&67 8$(&76 9"($, +6 %&)&#$, :;"66$%
!#"#$ <64+5)"#&+6 =.
I!< ./$/+ '9 /7+ )6/ ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! !  "
I!D )&$E/-C+ J=K L$,+& '% 0-(-/+& *7$%%+0 ,/$/+ -%9'6($/-'% ! !  4
I!D!< )EE6'$*7 ) ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! !  4
I!D!D )EE6'$*7 J ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ;;
I!3 ) J+%*7($6@ 9'6 )&$E/-C+ J+$(9'6(-%F M 1'%C+%/-'%$0 J+$(N
9'6(-%F ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ;O
I! K2(+6-*$0 .-(20$/-'%, ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ;4
I! !< .-(20$/-'% #+,20/, 9'6 ./$/-* .$/+00-/+ P+6(-%$0, ! ! ! ;4
I! !D .-(20$/-'% #+,20/, 9'6 ./$/-* .$/+00-/+ P+6(-%$0, >-/7
G-Q+6+%/ ?+C+0, '9 K'-,+ ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! I;
I! !3 .-(20$/-'% #+,20/, 9'6 A'L-0+ .$/+00-/+ P+6(-%$0, ! ! ! I;
I! ! .-(20$/-'% #+,20/, 9'6 )&$E/-C+ J+$(9'6(-%F C+6,2,
1'%C+%/-'%$0 J+$(9'6(-%F ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! IO
I!; 1'%*02,-'%, ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! OI
. >"5")$#5&? @$"(# !AB"5$( C(#&)"#&+6 4+5 D+6%&6$"5 !"#$%%&#$
:;"66$%( ..
O!< 5$6$(+/6-* ?+$,/ .:2$6+, )0F'6-/7( 9'6 G-6+*/-C-/H A$/6-B
R,/-($/-'% ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! O"
O!<!< .H,/+( A'&+0 ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! O"
O!<!D G-6+*/-C-/H R,/-($/-'% ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! "S
O!D 5?.R 9'6 1'%%+*/-'%N'6-+%/+& 17$%%+0, ! ! ! ! ! ! ! ! ! ! ! ! "O
O!3 K2(+6-*$0 5+69'6($%*+ ),,+,,(+%/ ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! "O
O! 1'%*02,-'%, ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! 4I
E :+6#$6#&+6 F$(+%B#&+6 "6, :;"66$% C(#&)"#&+6 &6 !"#$%%&#$
F"6,+) 0??$(( :;"66$%( G.
"!< ./$/+ '9 /7+ )6/ ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! 4"
"!D .H,/+( A'&+0 ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! <SS
"!3 G+/+*/-'% '9 $*/-C+ .P. $%& A20/-N.P, 17$%%+0 R,/-($/-'% ! <S<
"!3!< P6$-%-%F .+:2+%*+, G+/+*/-'% ! ! ! ! ! ! ! ! ! ! ! ! ! ! <S<
"!3!D ?.R R,/-($/-'% '9 P6$%,9+6 A$/6-B ! ! ! ! ! ! ! ! ! ! ! <SD
 !"#$ %& '%()$()* +,
 !"!" #$%&'%&($% )'*$+,&($% -%. /,+&(,*') 01-%%'+ '*&(/-&($% 23"
 !4 5,/')(0-+ 6'*,+&* ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! 237
 !8 #$%0+,*($%* ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! 23 
 !"#$%&'" ())$'*+,$- ,- *- ./0( .1#+"2 334
9!2 :&-&' $; <)& ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! 228
9!= 6'*$,)0' <++$0-&($% <+>$)(&1/ ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! 227
9!=!2 ?(%@?-A B()'0&(C(&D #$))'+-&($% <+>$)(&1/ ! ! ! ! ! ! 22 
9!=!= ?(%@<C')->' B()'0&(C(&D #$))'+-&($% <+>$)(&1/ ! ! ! ! 22 
9!" 5,/')(0-+ E');$)/-%0' <**'**/'%& ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! 2=2
9!4 #$%0+,*($%* ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! 2=8
35 6$27)"+" .1#+"2 8"&9$&2*-'" (##"##2"-+ 3:;
23!2 6-%.$/ <00'** :(/,+-&$) ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! 2= 
23!= ?-(% :(/,+-&$) F G$)H-). I(%J -%. 6'C')*' I(%J ! ! ! ! ! ! ! 2"3
23!=!2 :(/,+-&$) #$%&)$+ K%(& ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! 2"3
23!=!= :D*&'/ #$%&)$+ K%(& ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! 2"2
23!=!" 6'C')*' I(%J K%(& ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! 2"2
23!=!4 L'-/;$)/(%> B'*(>% K%(& ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! 2"2
23!=!8 G$)H-). I(%J K%(& ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! 2"=
23!" 5,/')(0-+ E');$)/-%0' <**'**/'%& ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! 2"4
23!"!2 6-%.$/ <00'** #1-%%'+ E');$)/-%0' <**'**/'%& ! ! 2"4
23!"!= #$%%'0&($% M)('%&'. #1-%%'+ E');$)/-%0' <**'**/'%& 2"8
23!"!" 6'C')*' I(%J 5,/')(0-+ E');$)/-%0' <**'**/'%& ! ! ! 2"N
23!"!4 E');$)/-%0' <**'**/'%& $; &1' G$)H-). I(%J 5,/'@
)(0-+ ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! 2"7
23!4 #$%0+,*($%* ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! 282
  !"#$%&'" ())$'*+,$- ,- .)$/ 0*1,-2  -+"&3"&,-2 45*-6
-")# /,+5 7*&+,*) 8-$/)"12" $3 +5" 45*--")# 9:;
33 ())$'*+,$- <" &"##$%&'"# <*-# %- '*-*) =*&,*+,$- )"-+" *="'
'$--*,##*-'" 7*&+,"))" <% '*-*) 344
22!2 O&-& .' +P-)& ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! 28N
22!= Q', :&)-&R>(S,'T OS,(+(U)' .' 5-*1 '& Q', L-D'*('% ! ! ! ! ! ! 28N
22!=!2 Q', :&)-&R>(S,' ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! 28N
22!=!= OS,(+(U)' .' 5-*1 ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! 287
22!=!" Q', U-DR*('% ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! 287
3: !"#$%&'" ())$'*+,$- ,- .)$> ?*<,-@ A-+"&9"&,-@ 6B*--")#
>,+B 8*&+,*) C-$>)"<@" $9 +B" 6B*--")# 34 
2=!2 :&-&' $; &1' <)& ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! 2N3
2=!= :&)-&'>(0 V-/'T 5-*1 OS,(+(U)(,/ -%. L-D'*(-% V-/' ! ! ! ! 2N3
 !"#$% &' (&)*%)*+
 !"!" #$%&$'()* +&,' " " " " " " " " " " " " " " " " " " " " " "  -.
 !"!"! /&01 234)5)6%)4, " " " " " " " " " " " " " " " " " " " " "  -.
 !"!"7 8&9'0)&: +&,' " " " " " " " " " " " " " " " " " " " " " "  - 
 !"7 #90$', ;<='5 " " " " " " " " " " " " " " " " " " " " " " " " " " "  -!
 !"> ?%<65', #$&$',':$ " " " " " " " " " " " " " " " " " " " " " " " "  -7
 !"@ A:$'%B'%':*' +&,' B<% ?<C'% D55<*&$)<: " " " " " " " " " " " "  ->
 !"- A:$'%B'%':*' +&,'0 B<% E<):$ ?<C'% &:= F&$' D55<*&$)<: " " "  -G
 !"-" A:$'%B'%':*' H),)$'= F'(),' " " " " " " " " " " " " " " "  I 
 !"-"! J)(1 /<)0' F'(),' " " " " " " " " " " " " " " " " " " " "  I-
 !"-"7 +':'%&5 K&0' " " " " " " " " " " " " " " " " " " " " " " "  IL
 !"I MN$),4, E<):$ F&$' &:= ?<C'% D55<*&$)<: " " " " " " " " " "  G.
 !"G /4,'%)*&5 F'045$0 " " " " " " " " " " " " " " " " " " " " " " " "  G7
 !"L K<:*540)<:0 " " " " " " " " " " " " " " " " " " " " " " " " " " " "  GI
 ! "#$%&'()#$( *$+ ,-.(/-%0)1-(  23
 7" K<:*540)<:0 " " " " " " " " " " " " " " " " " " " " " " " " " " " "  GL
 7"! ?'%0N'*$)O'0 <B ?&%$ A " " " " " " " " " " " " " " " " " " " " " " "  L.
 7"7 ?'%0N'*$)O'0 <B ?&%$ AA " " " " " " " " " " " " " " " " " " " " " "  L.
 !"# $% &!'()*"
 !" #$%&'()&*+, -(&&./0 1 -2(*3 4%+5 .+ $+5$&67$ 8)0940/$)&*+0
4$ '%*5:$%.3 ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ";
 !< =%*5:$%.3 =4%8/%/*'5 1 >$5 '%*5:$%.3 5?%4%8/$+/ @ 7?$+A*)(+9
+$&$+/ ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ";
 ! B%*5:$%.3 C3$5 8(.) 7% :(.A$)/.)$ 5%/$77*/%*)$ 1 )0./*7*5%/*(+
4$5 ')0D.$+:$5 ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! <E
F!" GH*/:2$4 #$%&'()&*+, 1 8)$4$/$)&*+$4 6$%&5 /( :2((5$ ')(&  "
F!< =4%8/*A$ #$%&'()&*+, 1 =4%8/*A$ /( I+A*)(+&$+/ ! ! ! ! ! !  <
F! B*3$4 6$%&'()&$) /( :(A$) /2$ 5%/$77*/$ %)$% 1 ')$D.$+:J )$.5$   
K!" G%/$77*/$ GJ5/$& L(4$7 *+ /2$ B()H%)4 >*+M ! ! ! ! ! ! ! ! ! ! FE
K!< G%/$77*/$ ,)*4 *+ I.)(8% ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! F<
K! N*)$:/*A*/J >*+$%) O+/$)8(7%/*(+ ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! F 
K!F G%/$77*/$ GJ5/$& L(4$7 *+ /2$ P$A$)5$ >*+M ! ! ! ! ! ! ! ! ! ! FQ
Q!" GJ5/$& &(4$7 %4(8/$4 '() =88)(%:2 = ! ! ! ! ! ! ! ! ! ! ! ! ! K"
Q!< GJ5/$& &(4$7 %4(8/$4 '() =88)(%:2 # ! ! ! ! ! ! ! ! ! ! ! ! ! KQ
Q! R(*+/5 5$7$:/$4 '() 4$5*,+*+, 6$%&'()&$)5 *+ 4*S$)$+/ :%))*$) K;
Q!F T2$ %:2*$A$4 GOUP A$)5.5 /%),$/ GOUP H2$+ GT5 2%A$ 8$)'$:/
-GO '() =7,()*/2& = %+4 #! GJ5/$& 5$//*+, 1 K = 50 () 100V
σ2n = −204#WV -OL= −154# ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! QE
Q!K T2$ /)%+5&*/ 8(H$) A$)5.5 /%),$/ GOUP '() =7,()*/2& = %+4
#! GJ5/$& 5$//*+,5 1 K = 50V σ2n = −204#WV -OL= −154# ! Q"
Q!Q T2$ /)%+5&*/ 8(H$) A$)5.5 /%),$/ GOUP '() =7,()*/2& = %+4
#! GJ5/$& 5$//*+,5 1 K = 100V σ2n = −204#WV -OL= −154# Q"
Q!X R(H$)Y%:2*$A$4 GOUP A$)5.5 %:2*$A$4 GOUP '() =7,()*/2& =
%+4 #! GJ5/$& 5$//*+,5 1 K = 50V σ2n = −204#WV -OL=
−154# ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! Q"
Q!; R(H$)Y%:2*$A$4 GOUP A$)5.5 %:2*$A$4 GOUP '() =7,()*/2& =
%+4 #! GJ5/$& 5$//*+,5 1 K = 100V σ2n = −204#WV -OL=
−154# ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! Q"
3*
 !! "!#$ %& '!()*+#
 !" #$% &'()*% +,&-)-./.(0 1%,2'2 )3$.%1%4 5678 9&, :/*&,.($;
: )<4 =! 502(%; 2%((.<*2 > K = 50? σ2n = −204=@? A6B=
−154= ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! !  C
 !DE #$% &'()*% +,&-)-./.(0 1%,2'2 )3$.%1%4 5678 9&, :/*&,.($;
: )<4 =! 502(%; 2%((.<*2 > K = 100? σ2n = −204=@? A6B=
−154= ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! !  C
 !DD #$% )3$.%1%4 5678 4.2(,.-'(.&< 9&, :/*&,.($; : )<4 =! 502F
(%; 2%((.<*2 >K = 50? )<4 5678 (),*%( .2 C4=? σ2n = −204=@?
A6B= −154= ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! !  C
 !DC #$% )3$.%1%4 5678 4.2(,.-'(.&< 9&, :/*&,.($; : )<4 =! 502F
(%; 2%((.<*2 > K = 100? )<4 5678 (),*%( .2 C4=? σ2n =
−204=@? A6B= −154= ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! !  C
 !DG #$% )3$.%1%4 5678 1%,2'2 (),*%( 5678 9&, :/*&,.($; : -0
4.H%,%<( (,).<.<* /%<*($! 502(%; 2%((.<*2 > σ2n = −204=@?
A6B= −154= ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! !  G
 !DI #$% )3$.%1%4 5678 1%,2'2 (),*%( 5678 9&, :/*&,.($; = -0
4.H%,%<( (,).<.<* /%<*($! 502(%; 2%((.<*2 > σ2n = −204=@?
A6B= −154= ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! !  G
 !DJ #$% )3$.%1%4 5678 1%,2'2 (),*%( 5678 9&, :/*&,.($; = 9&,
4.H%,%<( /%1%/2 &9 <&.2% )<4 .<(%,;&4'/)(.&< <&.2%! 502(%; 2%(F
(.<*2 > K = 100 ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! !   
 !D #$% (,)<2;.( +&K%, 1%,2'2 )3$.%1%4 5678 9&, :/*&,.($; =
9&, 4.H%,%<( /%1%/2 &9 <&.2% )<4 .<(%,;&4'/)(.&< <&.2%! 502(%;
2%((.<*2 > K = 100 ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! !   
 !DL #$% (,)<2;.( +&K%, +%, )3$.%1%4 5678 1%,2'2 )3$.%1%4 5678
9&, :/*&,.($; = 9&, 4.H%,%<( /%1%/2 &9 <&.2% )<4 .<(%,;&4'/)F
(.&< <&.2%! 502(%; 2%((.<*2 > K = 100 ! ! ! ! ! ! ! ! ! ! ! ! ! !   
 !DM #$% &'()*% +,&-)-./.(0 1%,2'2 )3$.%1%4 5678 9&, :/*&,.($; =
9&, 4.H%,%<( /%1%/2 &9 <&.2% )<4 .<(%,;&4'/)(.&< <&.2%! 502(%;
2%((.<*2 > K = 100 ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! !   
 !D" #$% 5678 )3$.%1%4 -0 )/*&,.($; = 1%,2'2 (),*%( 5678 K.($
;&-./% 5#2 )<4 +%,9%3( A56 )( ,%3%.1%,! 502(%; 2%((.<*2 > K =
100?σ2n = −204=@? A6BN−154= ! ! ! ! ! ! ! ! ! ! ! ! ! ! !  M
 !CE #$% 5678 )3$.%1%4 -0 )/*&,.($; = 1%,2'2 (),*%( 5678 K.($
;&-./% 5#2 )<4 1),0.<* /%1%/2 &9 )33',)30 &< ($% O<&K/%4*% &9
($% A56 )( ($% 5#2 )<4 ($% *)(%K)0! 502(%; 2%((.<* >K = 100?
σ2n = −204=@? A6BN−154= ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! !  "
 !CD P&K%,Q)3$.%1%4 5678 1%,2'2 )3$.%1%4 5678 .< &<% ;.<'(%
K.($ +%,9%3( A56 )( 5#! 502(%; 2%((.<*2 > K = 100? σ2n =
−204=@? A6BN−154= ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! LE
 !CC R'()*% +,&-)-./.(0 1%,2'2 <';-%, &9 5#2 9&, )4)+(.1% )<4
ST%4 -%);9&,;.<* 4%2.*< 23$%;%2! 502(%; 2%((.<*2 > B)T.;)/
)1)./)-/% +&K%, 9&, 3&<1%<(.&<)/ -%);9&,;%, .2 DJ4=@? σ2n =
−104=@? A6BNF154= ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! LD
 !"# $% &!'()*" +!!!
 !"# $%&'()*+ ,-./% ,/% 0(/% 1/%(0( &23*/1/4 5678 -9 &4&,+*1/
:/&)9-%)*';! 5<(+/) (/++*';( = σ2n = −104>?@ A6BCD154> E"
 !"F $%&'()*+ ,-./% ,/% 0(/%G &23*/1/4 5678 1/%(0( &23*/1/4 5678
9-% &' &4&,+*1/ :/&)9-%)*';! 5<(+/) (/++*';( = σ2n = −104>?@
A6BCD154> ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! E"
 !"H $%&'()*+ ,-./% ,/% 0(/%G &23*/1/4 5678 1/%(0( &23*/1/4 5678
-9 &4&,+*1/ &'4 2-'1/'+*-'&I :/&)9-%)*';@ (<(+/) (/++*';( =
K = 280@ σ2n = −104>?@ A6BCD154> ! ! ! ! ! ! ! ! ! ! ! ! ! E#
 !" J*(+%*:0+*-' -9 &23*/1/4 5678 9-% &4&,+*1/ :/&)9-%)*'; &'4
2-'1/'+*-'&I :/&)9-%)*';! 5<(+/) (/++*';( = K = 280@ +&%;/+
5678CK4>@ σ2n = −104>?@ A6BCD154> ! ! ! ! ! ! ! ! ! ! ! ! E#
 !"E J*(+%*:0+*-' -9 &23*/1/4 5678 9-% &4&,+*1/ :/&)9-%)*'; &'4
2-'1/'+*-'&I :/&)9-%)*';! 5<(+/) (/++*';( = K = 380@ +&%;/+
5678CK4>@ σ2n = −104>?@ A6BCD154> ! ! ! ! ! ! ! ! ! ! ! ! EF
 !"L J*(+%*:0+*-' -9 &23*/1/4 5678 9-% &4&,+*1/ :/&)9-%)*'; &'4
2-'1/'+*-'&I :/&)9-%)*';! 5<(+/) (/++*';( = K = 280@ +&%;/+
5678C"4>@ σ2n = −104>?@ A6BCD154> ! ! ! ! ! ! ! ! ! ! ! ! EF
 !"M J*(+%*:0+*-' -9 &23*/1/4 5678 9-% &4&,+*1/ :/&)9-%)*'; &'4
2-'1/'+*-'&I :/&)9-%)*';! 5<(+/) (/++*';( = K = 280@ +&%;/+
5678C#4>@ σ2n = −104>?@ A6BCD154> ! ! ! ! ! ! ! ! ! ! ! ! EH
 !#N J*(+%*:0+*-' -9 &23*/1/4 5678 9-% &4&,+*1/ :/&)9-%)*'; &'4
2-'1/'+*-'&I :/&)9-%)*';! 5<(+/) (/++*';( = K = 380@ +&%;/+
5678C#4>@ σ2n = −104>?@ A6BCD154> ! ! ! ! ! ! ! ! ! ! ! ! EH
E!K O(+*)&+*-' /%%-% -9 5$( ,-(*+*-'( *' P) 1/%(0( 4*Q/%/'+ I/1/I(
-9 '-*(/ .*+3 4*Q/%/'+ ,*I-+ I/';+3( &'4 (/&%23*'; &%/&! 5<(+/)
(/++*';( = K = 30@ Q = 30 ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! MN
E!" O(+*)&+*-' 9&*I0%/ ,%-:&:*I*+< 1/%(0( 4*Q/%/'+ I/1/I( -9 '-*(/
.*+3 4*Q/%/'+ ,*I-+ I/';+3( &'4 (/&%23*'; &%/&! 5<(+/) (/+D
+*';( = K = 30@ Q = 30 ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! MK
E!# O(+*)&+*-' /%%-% -9 +3/ ,-(*+*-'( -9 5$( 1/%(0( '0):/% -9 5$(
.*+3 4*Q/%/'+ ,*I-+ I/';+3( &'4 (/&%23*'; &%/&! 5<(+/) (/+D
+*';( = Q = 30@ 7-*(/= −∞4>? ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! MK
E!F O(+*)&+*-' 9&*I0%/ ,%-:&:*I*+< 1/%(0( '0):/% -9 5$( .*+3 4*9D
9/%/'+ ,*I-+ I/';+3( &'4 (/&%23*'; &%/&! 5<(+/) (/++*';( = Q =
30@ 7-*(/= −∞4>? ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! M"
E!H O(+*)&+*-' /%%-% -9 +3/ ,-(*+*-'( -9 5$( 1/%(0( '0):/% -9 2-3/D
%/'2/ +*)/ *'+/%1&I( .*+3 4*Q/%/'+ ,*I-+ I/';+3( &'4 (/&%23*';
&%/&! 5<(+/) (/++*';( = K = 40@ 7-*(/= −∞4>? ! ! ! ! ! ! ! M"
E! O(+*)&+*-' 9&*I0%/ ,%-:&:*I*+< 1/%(0( '0):/% -9 2-3/%/'2/ +*)/
*'+/%1&I( .*+3 4*Q/%/'+ ,*I-+ I/';+3( &'4 (/&%23*'; &%/&! 5<(D
+/) (/++*';( = K = 40@ 7-*(/= −∞4>? ! ! ! ! ! ! ! ! ! ! ! ! M#
 !" #!$% &' (!)*+,$
 ! "#$%&'$%() *++(+ (, $-* .(#%$%()# (, /0# *1.+*##*2 %) 3& 4*+#5#
)5&6*+ (, /0# ,(+ 2%7*+*)$ 8(++*9'$%() 8(*:8%*)$# '$ $-* +*;
8*%4*+ <%$- 2%7*+*)$ .%9($ 9*)=$-# ')2 #*'+8-%)= '+*'! />#$*&
#*$$%)=# ? @(%#*= −∞2ABC Q = 30C .%9($ 9*)=$-DEFG ! ! ! ! HI
 !J "#$%&'$%() ,'%95+* .+(6'6%9%$> 4*+#5# )5&6*+ (, /0# ,(+ 2%,;
,*+*)$ 8(++*9'$%() 8(*:8%*)$# '$ $-* +*8*%4*+ <%$- 2%7*+*)$
.%9($ 9*)=$-# ')2 #*'+8-%)= '+*'! />#$*& #*$$%)=# ? @(%#*=
−∞2ABC Q = 30C .%9($ 9*)=$-DEFG ! ! ! ! ! ! ! ! ! ! ! ! ! ! HK
 !H "#$%&'$%() *++(+ (, $-* .(#%$%()# (, /0# *1.+*##*2 %) 3& 4*+#5#
$-* 2%#$')8* 6*$<**) '2L'8*)$ /0#! />#$*& #*$$%)=# ? Q = 30C
@(%#*= −∞2ABC .%9($ 9*)=$-DMGGC +*=%();9%&%$*2 #*'+8- ! ! HK
 !EG "#$%&'$%() *++(+ (, $-* .(#%$%()# (, /0# *1.+*##*2 %) 3& 4*+#5#
$-* 9*)=$- (, $-* +'2%5# (, $-* #*'+8-%)= N()*! />#$*& #*$$%)=# ?
K = 40,Q = 30C @(%#*= −∞2ABC .%9($ 9*)=$-DMGGC +*=%();
9%&%$*2 #*'+8- ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! HF
J!E O'83*$# ,+(& #*4*+'9 /0# () ') P9(-' Q-'))*9 ! ! ! ! ! ! ! ! HH
J!M "#$%&'$%() ,'%95+* .+(6'6%9%$> 4*+#5# 4'+>%)= )5&6*+ (, /0#
<%$- 2%7*+*)$ $>.*# (, $+'%)%)= #*R5*)8*#! />#$*& #*$$%)=# ?
Q = 50C @(%#*D−∞2ABC $+'%)%)= 9*)=$-= 200C U = 50 ! ! ! EGH
J!I "#$%&'$%() *++(+ (, /0S# .(#%$%()# 4*+#5# 4'+>%)= )5&6*+ (,
/0# <%$- 2%7*+*)$ $>.*# (, $+'%)%)= #*R5*)8*#! />#$*& #*$;
$%)=# ? Q = 50C @(%#*D−∞2ABC $+'%)%)= 9*)=$-= 200C U = 50 EGH
J!K "#$%&'$%() *++(+ )(+& (, %)#$')$')*(5# Q/T 4*+#5# 4'+>%)=
)5&6*+ (, /0# <%$- 2%7*+*)$ $>.*# (, $+'%)%)= #*R5*)8*#! />#;
$*& #*$$%)=# ? QDFGC @(%#*D−∞2ABC $+'%)%)= 9*)=$-= 200C
UDFG ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! EEG
J!F "#$%&'$%() ,'%95+* .+(6'6%9%$> 4*+#5# 4'+>%)= )5&6*+ (, /0#
<%$- 2%7*+*)$ 4'95*# (, 8(++*9'$%() 8(*:8%*)$# a ')2 b! />#$*&
#*$$%)=# ? Q = 50C @(%#*D−∞2ABC $+'%)%)= 9*)=$-= 200C
U = 50 ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! EEG
J!U "#$%&'$%() *++(+ (, /0S# .(#%$%()# 4*+#5# 4'+>%)= )5&6*+ (,
/0# <%$- 2%7*+*)$ 4'95*# (, 8(++*9'$%() 8(*:8%*)$# a ')2 b!
/>#$*& #*$$%)=# ? Q = 50C @(%#*D−∞2ABC $+'%)%)= 9*)=$-=
200C U = 50 ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! EEE
J! "#$%&'$%() ,'%95+* .+(6'6%9%$> 4*+#5# 4'+>%)= )5&6*+ (, /0#
<%$- 2%7*+*)$ $>.*# (, $+'%)%)= #*R5*)8*# ,(+ /QQ '..+('8-!
/>#$*& #*$$%)=# ? Q = 50C @(%#*D−∞2AB ! ! ! ! ! ! ! ! ! ! EEE
J!J "#$%&'$%() *++(+ (, /0S# .(#%$%()# 4*+#5# 4'+>%)= )5&6*+ (,
/0# <%$- 2%7*+*)$ $>.*# (, $+'%)%)= #*R5*)8*# ,(+ /QQ '.;
.+('8-! />#$*& #*$$%)=# ? Q = 50C @(%#*D−∞2AB ! ! ! ! ! ! EEM
J!H "#$%&'$%() *++(+ (, %)#$')$')*(5# Q/T 4*+#5# 4'+>%)= )5&;
6*+ (, /0# <%$- 2%7*+*)$ $>.*# (, $+'%)%)= #*R5*)8*# ,(+ /QQ
'..+('8-! />#$*& #*$$%)=# ? Q = 50C @(%#*D−∞2AB ! ! ! ! ! EEM
 !"# $% &!'()*" +,
 !"# $%&'()&'*+ ,--*- +*-( *. '+%&)+&)+,*/% 012 3,-%/% 4'%&)+5,
6,&7,,+ )48)5,+& 19% '+ :( .*- 100 );;-*)5<! 1=%&,( %,&>
&'+?% @ &-)'+'+? A,+?&<= 200B U = 50B C*'%,D−∞4EFB Q = 50 ""G
H!" I5<',3,4 12CJ '+ 4E 3,-%/% &)-?,& 12CJ '+ 4EB 7<,+ 4'K,-,+&
5)--',- )AA*5)&'*+ )A?*-'&<(% )-, );;A',4! 1=%&,( %,&&'+?% @
K = 200B σ2n = −104EFB 02L= −154E! ! ! ! ! ! ! ! ! ! ! ! ! "MM
H!M I5<',3,4 12CJ '+ 4E 3,-%/% &)-?,& 12CJ '+ 4EB 7<,+ 4'K,-,+&
5)--',- )AA*5)&'*+ )A?*-'&<(% )-, );;A',4! 1=%&,( %,&&'+?% @
K = 400Bσ2n = −104EFB 02L= −154E! ! ! ! ! ! ! ! ! ! ! ! ! "MM
H!G N*7,- ,O5',+5= 3,-%/% )5<',3,4 12CJ '+ 4E )& &<, 19%P -,5,'>
3,-%B 7<,+ 4'K,-,+& 5)--',- )AA*5)&'*+ )A?*-'&<(% )-, );;A',4!
1=%&,( %,&&'+?% @ K = 200B σ2n = −104EFB 02L= −154E! ! ! "MG
H!Q N*7,- ,O5',+5= 3,-%/% )5<',3,4 12CJ '+ 4E )& &<, 19%P-,5,'>
3,-%B 7<,+ 4'K,-,+& 5)--',- )AA*5)&'*+ )A?*-'&<(% )-, );;A',4!
1=%&,( %,&&'+?% @ K = 400B σ2n = −104EFB 02L= −154E! ! ! "MG
H!R S/&)?, ;-*6)6'A'&= 3,-%/% )5<',3,4 12CJ '+ 4E B 7<,+ 4'.>
.,-,+& 5)--',- )AA*5)&'*+ )A?*-'&<(% )-, );;A',4! 1=%&,( %,&>
&'+?% @ K = 200B σ2n = −104EFB 02L= −154E! ! ! ! ! ! ! ! "MQ
H!T S/&)?, ;-*6)6'A'&= 3,-%/% )5<',3,4 12CJ '+ 4EB 7<,+ 4'.>
.,-,+& 5)--',- )AA*5)&'*+ )A?*-'&<(% )-, );;A',4! 1=%&,( %,&>
&'+?% @ K = 400B σ2n = −104EFB 02L= −154E ! ! ! ! ! ! ! ! "MQ
"#!" 1'(/A)&*- @ UA*6)A 1&-/5&/-, ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! "M 
"#!M 1'(/A)&*- *. &<, J)+4*( I55,%% 0<)++,A ! ! ! ! ! ! ! ! ! ! ! "MH
"#!G 1'(/A)&*- ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! "GG
"#!Q 100 );;-*)5<B ,%&'()&'*+ .)'A/-, ;-*6)6'A'&= 3,-%/% 3)-='+?
)--'3)A -)&, *. 19% 7'&< 4'K,-,+& &-)'+'+? ?-*/; 5)-4'+)A'&',%!
1=%&,( %,&&'+?% @ σ2n = −104EFB 02L= −154EB Q = 50 ! ! "GR
"#!R 100 );;-*)5<B +*-( *. &<, '+%&)+&)+,*/% 012 ,%&'()&'*+ ,->
-*- 3,-%/% )--'3)A -)&, *. 19% 7'&< 4'K,-,+& &-)'+'+? ?-*/;
5)-4'+)A'&=! 1=%&,( %,&&'+?% @ σ2n = −104EFB 02L= −154EB
Q = 50 ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! "GT
"#!T 100 );;-*)5<B ,--*- *. 19P% ;*%'&'*+% ,%&'()&'*+ 3,-%/% 3)>
-='+? )--'3)A -)&, *. 19% 7'&< 4'K,-,+& &-)'+'+? ?-*/;%! 1=%&,(
%,&&'+?% @ σ2n = −104EFB 02L= −154EB Q = 50 ! ! ! ! ! ! ! "GV
"#!V 100 );;-*)5<B ,%&'()&'*+ .)'A/-, ;-*6)6'A'&= 3,-%/% 3)-='+?
)--'3)A -)&, *. 19% 7'&< 4'K,-,+& A,3,A% *. +*'%,! 1=%&,( %,&>
&'+?% @ Q = 50B &-)'+'+? A,+?&<= 400B U = 100 ! ! ! ! ! ! ! ! "G 
"#! 100 );;-*)5<B $%&'()&'*+ ,--*- *. 19P% ;*%'&'*+% 3,-%/% 3)>
-='+? )--'3)A -)&, *. 19% 7'&< 4'K,-,+& A,3,A% *. +*'%,! 1=%&,(
%,&&'+?% @ Q = 50B &-)'+'+? A,+?&<= 400B U = 100 ! ! ! ! ! ! ! "GH
 !" #"$% &' (")*+,$
 !"# $%&' ()*+,-./01 2,,+, +3 &456 7+6-.-+86 26.-0(.-+8 92,6:6
;-<2,28. 8:0=2, +3 (>.-92 &461 ?-./ ;-<2,28. )292)6 +3 .,(-@
8-8* )28*./" &A6.20 62..-8*6 B σ2n = −10;CD1 EFG= −15;C1
Q = 50 " " " " " " " " " " " " " " " " " " " " " " " " " " " " " "  H!
 !" !$%&' ()*+,-./01 26.-0(.-+8 3(-):,2 7,+=(=-)-.A 92,6:6 ;-<2,28.
8:0=2, +3 (>.-92 &461 ?-./ ;-<2,28. )292)6 +3 .,(-8-8* )28*./"
&A6.20 62..-8*6 B σ2n = −10;CD1 EFG= −15;C1 Q = 50 " "  H 
 !"  $%&' ()*+,-./01 2,,+, +3 &456 7+6-.-+86 26.-0(.-+8 92,6:6 ;-3@
32,28. 8:0=2, +3 &46 1 ?-./ ;-<2,28. )292)6 +3 8+-62" &A6.20
62..-8*6 B .,(-8-8* )28*./= 2001 Q = 50 " " " " " " " " " " " "  HI
 !" I$%&' ()*+,-./01 26.-0(.-+8 3(-):,2 7,+=(=-)-.A 92,6:6 ;-<2,28.
8:0=2, +3 &46 1 ?-./ ;-<2,28. )292)6 +3 8+-62" &A6.20 62..-8*6 B
.,(-8-8* )28*./= 2001 Q = 50 " " " " " " " " " " " " " " " " " "  HJ
 !" JK>/-292; &FLM -8 ;C 92,6:6 .(,*2. &FLM -8 ;C ?/28 (77)A-8*
;-<2,28. >(,,-2, ())+>(.-+8 ()*+,-./06" &A6.20 62..-8*6 B K =
4001 σ2n = −10;CD1 EFG= −15;C1 .,(-8-8* )28*./= 200 " " "  HJ
 !" H$+?2, 2N>-28>A 92,6:6 (>/-292; &FLM -8 ;C ?/28 (77)A-8*
;-<2,28. >(,,-2, ())+>(.-+8 ()*+,-./06" &A6.20 62..-8*6 B K =
4001 σ2n = −10;CD1 EFG= −15;C1 .,(-8-8* )28*./= 200 " "  HH
 !" OP:.(*2 7,+=(=-)-.A 92,6:6 (>/-292; &FLM -8 ;C ?/28 (77)A-8*
;-<2,28. >(,,-2, ())+>(.-+8 ()*+,-./06" &A6.20 62..-8*6 B K =
4001 σ2n = −10;CD1 EFG= −15;C1 .,(-8-8* )28*./= 200 " "  HH
 !" QK>/-292; &FLM -8 ;C 92,6:6 .(,*2. &FLM -8 ;C ?/28 ./2
=2(03+,02, -6 ;26-*82; =(62; +8 26.-0(.2; (8; (>.:() ;-@
,2>.-9-.A 92>.+,6" &A6.20 62..-8*6 B K = 200 +, 4001 σ2n =
−10;CD1 EFGR15;C1 .,(-8-8* )28*./= 200 " " " " " " " " " "  HO
 !" S$+?2, 2N>-28>A 92,6:6 (>/-292; &FLM -8 ;C ?/28 ./2 =2(0@
3+,02, -6 ;26-*82; =(62; +8 26.-0(.2; (8; (>.:() ;-,2>.-@
9-.A 92>.+,6" &A6.20 62..-8*6 B K = 4001 σ2n = −10;CD1
EFGR15;C1 .,(-8-8* )28*./= 200 " " " " " " " " " " " " " " " "  HO
 !" TP:.(*2 7,+=(=-)-.A 92,6:6 (>/-292; &FLM -8 ;C ?/28 ./2
=2(03+,02, -6 ;26-*82; =(62; +8 26.-0(.2; (8; (>.:() ;-,2>@
.-9-.A 92>.+,6" &A6.20 62..-8*6 B σ2n = −10;CD1 EFGR15;C1
.,(-8-8* )28*./= 200 " " " " " " " " " " " " " " " " " " " " " " "  HQ
 !" #K>/-292; &FLM -8 ;C 92,6:6 8:0=2, +3 &46 K" &A6.20 62.@
.-8*6 B σ2n = −10;CD1 EFGR15;C1 .,(-8-8* )28*./= 400 " " "  HQ
 !"I!$+?2, 2N>-28>A 92,6:6 L:0=2, +3 &46 K" &A6.20 62..-8*6 B
.(,*2. &FLM = 2;C1 σ2n = −10;CD1 EFGR15;C1 .,(-8-8*
)28*./= 200 " " " " " " " " " " " " " " " " " " " " " " " " " " " "  HS
 !"I K>/-292; &FLM -8 ;C 92,6:6 .(,*2. &FLM -8 ;C 3+, 0+=-)2 &46
-8 +82 0-8:.2" &A6.20 62..-8*6 B K = 4001 σ2n = −10;CD1
EFGR15;C1 .,(-8-8* )28*./= 200 " " " " " " " " " " " " " " " "  HS
 !"# $% &!'()*" +,!!
 !"##$%&'( ')*+',*- .'(/0/ 1*2+'.'3 4567 +, 38 9%( :%;+<' 4=/
+, %,' :+,0>'" 4-/>': /'>>+,?/ @ K = 400A σ2n = −1038BA
C5DE1538A >(1+,+,? <',?>2= 200 " " " " " " " " " " " " " " " "  FG
 !"#HI0>1?' J(%;1;+<+>- .'(/0/ ,0:;'( %9 4=/ 9%( 131J>+.' 1,3
KL'3 ;'1:9%(:+,? 3'/+?, /*2':'/" 4-/>': /'>>+,?/ @ >2' :1L+M
:1< 1.1+<1;<' J%&'( 9%( *%,.',>+%,1< ;'1:9%(:'( +/ 1538BA
σ2n = −1038BA C5DE−1538A >(1+,+,? <',?>2= 200 " " " " " "  FG
 !"#F$%&'( ')*+',*- .'(/0/ 1*2+'.'3 4567 +, 38 9%( 131J>+.'
1,3 *%,.',>+%,1< ;'1:9%(:+,? 3'/+?, /*2':'/" 4-/>': /'>M
>+,?/ @ >2' :1L+:1< 1.1+<1;<' J%&'( 9%( KL'3 ;'1:9%(:+,? +/
1538B K = 200A =1(?'> 4567E2, 3 %( 438A σ2n = −1038BA
C5DE−1538A >(1+,+,? <',?>2= 200 " " " " " " " " " " " " " " "  FN
 !"#OP+/>%?(1: %9 1*2+'.'3 4567 9%( 131J>+.' 1,3 KL'3 ;'1:M
9%(:+,? 3'/+?, /*2':'/" 4-/>': /'>>+,?/ @ >2' :1L+:1< 1.1+M
<1;<' J%&'( +/ 1538BA K = 200A 4567 >1(?'>E238A σ2n =
−1038BA C5DE−1538A >(1+,+,? <',?>2= 200 " " " " " " " "  FN
 !"#QP+/>%?(1: %9 1*2+'.'3 4567 9%( 131J>+.' 1,3 KL'3 ;'1:M
9%(:+,? 3'/+?, /*2':'/" 4-/>': /'>>+,?/ @ >2' :1L+:1< 1.1+M
<1;<' J%&'( +/ 1538BA K = 200A 4567 >1(?'>E338A σ2n =
−1038BA C5DE−1538A >(1+,+,? <',?>2= 200 " " " " " " " "  O!
 #" $%//+;<' 61/2 'R0+<+;(+0: /'> 9%( ?1:' GP " " " " " " " " " " "  QQ
 #"# SL1:J<' %9 1 /-/>': &+>2 >2('' 61/2 'R0+<+;(+1 " " " " " " " "  QQ
 #"H 8'/> ('/J%,/' R∗(xi) %9 0/'( i >% >2' >(1,/:+>>'3 J%&'( Pj =
gi
xiσjiCi
+, /%<+3 <+,' 1,3 +>/ 1JJ(%L+:1>+%, 0.8logxi +, 31/2'3
<+,'" " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " "  TH
 #"F f(xi) +, /%<+3 <+,' 1,3 +>/ 1JJ(%L+:1>+%, f˜(xi) " " " " " " " "  TF
 #"O U(1J2+*1< +,.'/>+?1>+%, %9 *%,.'(?',*' %9 >2' ;'/> ('/J%,/'
1<?%(+>2: +, >2' +,>'(9'(',*' <+:+>'3 ('?+:' " " " " " " " " " "  TO
 #"Q =2(%0?2J0> 1>>1+,'3 1> >2' 61/2 'R0+<+;(+0: .'(/0/ *%/>/
C1 = C2 9%( 3+V'(',> .1<0'/ %9 >2' ,%+/'" " " " " " " " " " " " "  GF
 #"T =2(%0?2J0> %9 >2' >&% *%::0,+*1>+%,/ 1,3 >%>1< >2(%0?2J0>
1>>1+,'3 1> >2' 61/2 'R0+<+;(+0: .'(/0/ >2' *21,,'< 1>>',01M
>+%, g2 %9 ,%3' S2. " " " " " " " " " " " " " " " " " " " " " " " "  GO
 #"G =2(%0?2J0> .'(/0/ :1L+:0: 1.1+<1;<' J%&'( 1>>1+,'3 1> 61/2
'R0+<+;(+1 1,3 ;- 9('R0',*- /21(+,?" " " " " " " " " " " " " " "  GO
 #"N =2(%0?2J0> .'(/0/ *%/>/ C1 = C2. C%:J1(+/%, ;'>&'', >2'
>2(%0?2J0> 1>>1+,'3 ;- 81-'/+1, ?1:'/ %( ;- %J>+:0: ('M
/%0(*' 1<<%*1>+%," " " " " " " " " " " " " " " " " " " " " " " " " "  GQ
 #" !=(1,/:+>>'3 J%&'( .'(/0/ *%/>/ C1 = C2. C%:J1(+/%, ;'>M
&'', >2' ('/%0(*'/ 1<<%*1>'3 ;- 61/2 'R0+<+;(+1 %( ;- %J>+:0:
('/%0(*' 1<<%*1>+%," " " " " " " " " " " " " " " " " " " " " " " " "  GQ
 !""" #"$% &' (")*+,$
 !"#$%& '
 !"#$%&'#%!"(
 !" #$%$&!" '()(&*%+,)" -! &("!*$. -! /,00$)+/*%+,)" "*)" 12 -!3&,)% */4
/$!+22+& 2!" $%+2+"*%!$&" 0,5+2!" *3!/ -! 6*$%!" !.+'!)/!" !) %!&0!" -! -(5+%"
-! %&*)"0+""+,) -! -,))(!"7  !" %!/6)+8$!" *-*9%*%+3!" -! %&*+%!0!)% -$ "+4
')*2 :,$!)% $) &;2! /2( -*)" 2!" "<"%=0!" -! /,00$)+/*%+,) "*)" 12 0,-!&)!"
*1) ->*0(2+,&!& 2!" 9!&#,&0*)/!" -$ "<"%=0!7  !" (0!%%!$&"?&(/!9%!$&" 9!$3!)%
">*-*9%!& *$. 3*&+*%+,)" -! 2>!)3+&,))!0!)%7  !" %!/6)+8$!" *-*9%*%+3!" -!
%&*+%!0!)% -$ "+')*2 9!$3!)% *0(2+,&!& 2* /*9*/+%( -$ "<"%=0! "!2,) -+@(4
&!)%!" 0(%&+8$!"A 9*& !.!092!A 2! -(5+% -$ "<"%=0! !% 2>!B/*/+%( "9!/%&*2!7
C,$& 2!" %!/6)+8$!" -! '()(&*%+,) -! #*+"/!*$. *-*9%*%+#"A 2* -+"9,)+5+4
2+%( -!" +)#,&0*%+,)" /,092=%! -! 2>(%*% -$ /*)*2 DEFGH !"% !""!)%+!22! 9,$&
*0(2+,&!& 2* /*9*/+%( -$ "<"%=0!7 I) '()(&*2A 2! EFG 9!$% J%&! ,5%!)$ -!
-!$. 0*)+=&!"7 K)! 9&!0+=&! *99&,/6! /,)"+"%! L !"%+0!& 2! EFG *$ )+3!*$
-$ &(/!9%!$& !% &!%,$&)!& 2>!"%+0*%+,) L 2>(0!%%!$&7 K)! "!/,)-! "$99,"! 2*
&(/+9&,/+%( -$ /*)*2 !% !"%+0! 2! EFG *$ )+3!*$ -! 2>(0!%%!$&7
M*)" /!&%*+)" "<"%=0!" 9&*%+8$!"A 2,&"8$! 2! -(2*+ -! %&*)"0+""+,) !"% 2,)'
!% 8$! 2! /*)*2 ">!"%,09! %&=" &*9+-!0!)%A 2! &!)3,+% -! 2>!"%+0*%+,) -$ EFG
+)"%*)%*)(! )! 9!$% 9*" J%&! $%+2+"(! 3$ 8$>!22! !"% -!3!)$! ,5",2=%!7 M*)" /!"
/*"A $)! /,))*+""*)/! 9*&%+!22! !%?,$ "%*%+"%+8$! -$ EFG -!3+!)% 5+!) $%+2!7
M*)" /!" /*"A 2>,5%!)%+,) ->$)! /,))*+""*)/! 9*&%+!22! ,$ "%*%+"%+8$! "$& 2!
EFG 9!&0!%%*)% ->*0(2+,&!& 2!" 9!&#,&0*)/!" -$ "<"%=0! -!3+!)% /&$/+*2!7
M*)" /! %&*3*+2A ),$" /,)"+-(&,)" 2! 9&,52=0! -! 2* /,)/!9%+,) -$ "<"%=0!
-! /,00$)+/*%+,) 5*"( "$& -!" +)#,&0*%+,)" 9*&%+!22!" ,$ "%*%+"%+8$! -$ EFG7
E! -,//$0!)% !"% "%&$/%$&( !) -!$. 9*&%+!"7 M*)" 2* 9&!0+=&! 9*&%+! -!
2* %6="!A ,) /,)N,+% $) "<"%=0! -! /,00$)+/*%+,) 9*& "*%!22+%! /,092!% !)
*-,9%*)% 2* %!/6)+8$! -! #,&0*%+,) -! #*+"/!*$. *-*9%*%+#" D5!*0#,&0+)'H7
M*)" 2* -!$.+=0! 9*&%+!A ,) /,)"+-=&! $) /*)*2 L +)%!&#(&!)/! *3!/ (3*),$+"4
O
 !"#$%&' ( !)*%'+,-%+)*.
 !"!#$ %&' ()*+ +*#$!#&$ ,!-. %&/'! ,01"!$$!-' 2'1+!%$!-' 3 4! /#5*'"&6
$/*# /"%&'5&/$!  -' )! +&#&)  *#$ ,/ %*#/()! &- #/7!&- ,! )01"!$$!-'3 8! 
$'&# "!$$!-' ,*/7!#$ ,1$!'"/#!' )!-' ,1(/$ !$ %-/  &#+! ,! $'&# "/  /*#
,0-#! "&#/9'! &-$*#*"! !$ ,1+!#$'&)/ 1!3 :# 1$-,/! )! %'*()9"! ,0&))*+&$/*#
,! '!  *-'+! %&' )! (/&/ ,0-#! &%%'*+;! ,! )& $;1*'/! ,! <!-.3
4&# )& =&'$/! > ,! +!$$! $;9 !? )!  @ $9"!  &$!))/$&/'! ! $ (& 1  -' ,! 5&/ 6
+!&-. &,&%$&$/5 3 A )0*%%* 1 ,! 5&/ +!&-.  $&$/B-! +)&  /B-! ? )& %&  !'!))!
%!-$ &,&%$!'  ! 5&/ +!&-. &-. +*#,/$/*# ,! $!'"/#&-.  &$!))/$&/'! CDEF
&+$/5 %'1 !#$ ,&# )!  @ $9"! ,! $!))!  *'$! B-! )! DE  ! '!$'*-7!#$ ,&# 
)! +!#$'! ,- 5&/ +!&- )! ,! +!'7&#$3 4! +!$$! 5&G*#? )& +&%&+/$1 ,-  @ $9"!
!# $!'"! ,! DE ,!  !'7/! !$ ,0!H+&+/$1 ,! %-/  &#+! %!-$ I$'! +*# /,1'&6
()!"!#$ &"1)/*'1!3
J*"%&'1 &-. K-.  $&$/B-! +)&  /B-! ? )& +*# $'-+$/*# ,! 5&/ +!&-. &,&%6
$&$/5 #1+!  /$! )& +*##&/  &#+! ,! )01$&$ ,! )/!# !#$'! +;&B-! DE !$ )!  &$!)6
)/$!3 8!  @ $9"!  &$!))/$&/'! %'1 !#$! ,! %&'$/+-)&'/$1 L )0-#! ,! +*"%* &#$! 
,- +&#&)  &$!))/$&/'!? M  &7*/' )! +*!H+/!#$ ,! %'*%&N&$/*#  017&#*-/$ '&6
%/,!"!#$ !$ )! ,1)&/ ,! %'*%&N&$/*# ! $ )-/ &-  / (!&-+*-% %)- )*#N B-! )!
$!"% ,! +*;1'!#+! ,- +&#&)3 =&' +*# 1B-!#$? )& JD> /# $&#$&#1! ! $ *( *)9$!
%*-' )& +*#+!%$/*# ,,! 5&/ +!&-. &,&%$&$/5 3 O!-'!- !"!#$? )! +&#&)  &$!))/6
$&/'! %'1 !#$! -#! +*"%* &#$! M 7&'/&$/*# )!#$!? %)- %'1+/ 1"!#$? /)  0&N/$
,! +*!H+/!#$ ,! ,/'!+$/7/$1 B-/ '!%'1 !#$! )! ,/&N'&""! ,! '&@*##!"!#$
,! &#$!##! ,-  &$!))/$! 7!' )! ,/P1'!#$! %* /$/*# ,! -$/)/ &$!-' 3 :#
%!-$ &)*' !.%)*/$!' +! N!#'! ,0/#5*'"&$/*# %&'$/!))! ,- JD> %*-' &/,!' M
)& +*#+!%$/*# ,- '1 !&- ,! 5&/ +!&-. &,&%$&$/5 M "!$$'! !# %)&+!3
:# %'*%* ! -# &)N*'/$;"! %*-' ! $/"!' )! %&'&"9$'! ,! 7!+$!-' ,!
,/'!+$/7/$1  -' )& (& ! ,0-# +'/$9'! ,! "/#/"-" ,! )0!''!-' B-&,'&$/B-!
"*@!##!3 :# "*#$'! &)*' B-! )! %'*()9"! ,0! $/"&$/*#  ! '1,-/$ M -#  /"%)!
%'*()9"! ,! ,1$!'"/#&$/*# ,! 7&)!-' %'*%'! &7!+ +*#$'&/#$! 3 :# &%%!))!
)0&)N*'/$;"! ! $/"&$/*# %&'&"1$'/B-! ,! "*/#,'! +&''1 C=8DQF3 80&)N*6
'/$;"! %'*%* 1 #! #1+!  /$! %& )0! $/"&$/*# ,! %&'&"9$'! ,! #-/ &#+!? +!
B-/ %!'"!$ -#! '1,-+$/*# +*# /,1'&()! ,! )& +*"%)!./$13
Q#  ! (& &#$  -' )0! $/"&$/*# ,! 7!+$!-' ,! ,/'!+$/7/$1 !$ )& +*##&/ 6
 &#+! ,!  $&$/ $/B-! ,! +*!H+/!#$ ,! %'*%&N&$/*#? *# %'*%* ! /+/ ,!-.
&%%'*+;! ;!-'/ $/B-! %*-' +*#+!7*/' )& +*# $'-+$/*# ,! 5&/ +!&-. &,&%$&6
$/5 3 8! %!'5*'"&#+! ,! +!$$! $!+;#/B-! &,&%$&$/7!  *#$ +*"%&'1! M +!))! ?
%)- +)&  /B-!? &7!+ ,! 5&/ +!&-. R.! 3 8& "1$;*,! %'*%* 1! "*#$'! ,! #*"6
('!-. &7&#$&N! ? #*$&""!#$ !# $!'"! ,! %'*(&(/)/$1 ,! +*-%-'!? ,0!H+&+/$1
,! %-/  &#+!? ,! '&%%*'$  /N#&) M /#$!'51'!#+! %)- ('-/$ CD>STF3 8! '1 -)6
$&$ #-"1'/B-! "*#$'!#$ B-! )& $!+;#/B-! &,&%$&$/7!  -'%&  ! +!))! &7!+
,! 5&/ +!&- R.! ,&# %'! B-! $*- )! & %!+$ 3
Q# *-$'!? &R# ,! +*# $'-/'! -#  @ $9"!  &$!))/$&/'! +*"%)!$? +!'$&/# %'*6
()9"! &-./)/&/'!  *#$ 1N&)!"!#$ 1$-,/1! ,&# )& %'!"/9'! %&'$/!3 =*-' '16
 *-,'! ,! %'*()9"! ,! +*#$!#$/*#  -' )! +&#&) ,0&++9 &)1&$*/'! %*-' )! 
DE B-/ !#$'!#$ ,&# )!  @ $9"!? *# %'*%* ! ,!-. &%%'*+;! (& 1!  -' )0! 6
  !"# !$% &'( )'* '+,( &' &!,'* !)! -. /' *'  ' 0#1$%2 34+(!'+,( 3#5+' ( &'(
+ !4!(# '+,( (+, *' *#%#4 &6#**7( #4-# $!,' '% *$44!(!$% 3'+)'% 8 ,' &- '* -(
' &-*$&-( ' 3#, *$%(-5+'% 4#  '*9%!5+' 3,$3$(-' 3',"' &6#+:"'% ', 4'
&-;! &+ *#%#4 &6#**7( #4-# $!,'. <'( &'+= #33,$*9'( ($% "!('( '% $'+),'
#+ %!)'#+ &' 4# *$+*9' 39>(!5+'. ?4( 3'+)'% 8 ,' *$"34-"'% #!,'( #+= 3,$@
 $*$4'( '=!( #% ( *$%1+( 3$+, 4# *$+*9' &6#**7( "+4 !34' ABC<D.
E' 3,$;47"' &6#  ,!;+ !$% &'( 0,-5+'%*'( '( -:#4'"'%  ,#! - &#%( *'  '
 97('. /#%( +% (>( 7"' &' *$""+%!*# !$% 3#, (# '44! '2 !4 '( 0#)$,#;4' &6#4@
4$+', 4# "8"' ;#%&' &' 0,-5+'%*' #+= FG( 3,-('% #% &'( *#%#+= &-*$,,-4-(
$+ H 0#!;4'( *$,,-4# !$%(. /' *'  ' 0#1$%2 46!% ',0-,'%*' &#%( +%' ;#%&' &'
0,-5+'%*' &$%%-' 3'+ 8 ,' 4!"! -' ' !4 '( 3$((!;4' &6#+:"'% ', 4' &-;! 
&+ (>( 7"'. <'3'%&#% 2 4' 3,$;47"' &6#44$*# !$% $3 !"#4' &'( 0,-5+'%*'(
3,-('% ' +%' *$"34'=! - IJ &+, A%$% 3$4>%$"!#4'D. /#%( *'  ' *$% ,!;+@
 !$%2 $% 3,$3$(' &'+= #4:$,! 9"'( &' 0#!;4' *$"34'=! - 3$+, 46#  ,!;+ !$%
&'( 0,-5+'%*'(. I$+( -)#4+$%( 4'( 3',0$,"#%*'( &'( &'+= #33,$*9'( '% 4'(
*$"3#,#% H *'44'( &+ (>( 7"' #)'* +%' #44$*# !$% $33$, +%!( '. E'( ,-(+4@
 # ( %+"-,!5+'( "$% ,'% 5+' 4'( &'+= #4:$,! 9"'( #"-4!$,'% 4# *#3#*! -
&+ (>( 7"' (# '44! #!,' &' "#%!7,' (!:%!K*# !)'  #%&!( 5+' 4'( *$"34'=! -(
,'( '% 0#!;4'(.
L%K%2 ' #K% &6#)$!, +% #3',1+ *$"34' &' 46'%('";4' &+ (>( 7"' (#@
 '44! #!,' ;#(-' (+, 4# *$%( ,+* !$% &' 0#!(*'#+= #&#3 # !0( ' %$ #""'% 4'(
'M' ( &' *$%%#!((#%*' !%*$"347 ' &+ *#%#4 ' &' 46#44$*# !$% &' ;#%&' &' 0,-@
5+'%*'2 +% (!"+4# '+, # - - *$%1+ 3$+, -)#4+', 4'( 3',0$,"#%*'( &+ (>( 7"'
*$"34' . E' (!"+4# '+, (' *$"3$(' &' &'+= :,#%&'( 3#, !'( N
O. P% (!"+4# '+, &' *#%#4 H #**7( #4-# $!,'. ?4 (!"+4' 4'( FG( 5+! '% ,'% 
&#%( 4' (>( 7"'. E'( *$% '% !$%( ($% ,-($4+( ' 4# *$"3$(#% ' 4'% '
&'( *#%#+= &'( FG( ($% '( !"-'( Q
R. P% (!"+4# '+, &' *#%#4 $,!'% - *$%%'=!$%. ?4 (!"+4' H 4# 0$!( 4# 4!#!($%
&!,'* ' ' 4# 4!#!($% !%)',('. C+ %!)'#+ &' 4# 4!#!($% !%)',('2 !4 '=-@
*+ ' 46'( !"# !$% &'( )'* '+,( &' &!,'* !)! -. C+ %!)'#+ &' 4# 4!#!($%
&'(*'%&#% '2 4# 3#((','44' 'M'* +' 4'( #  ,!;+ !$%( &' 0,-5+'%*'( ' 4#
*$%*'3 !$% &'( 0#!(*'#+= ;#(- (+, 4# *$%%#!((#%*' &' 46'( !"-' 3#, !'44'
&+ *#%#4. E'( 3',0$,"#%*'( &+ (>( 7"' :4$;#4 ($% -)#4+-'( '%  ',"'(
&' 3,$;#;!4! - &' *$+3+,' ' &' F?IS $; '%+.
/#%( 4# &'+=!7"' 3#, !' &' *'  ' *$% ,!;+ !$%2 $% *$%(!&7,' +% *#%#4
H !% ',0-,'%*' #)'* -)#%$+!(('"'% 3#, ;4$*( *$% '%# &'+= 3#!,'( &6-"' @
 '+,(T,-*'3 '+,(. $% (+33$(' 5+' 4# ,-*!3,$*! - &+ *#%#4 %6'( 3#( &!(3$%!;4'.
E'( &'+= -"'  '+,( $% +%' 3#,0#! ' *$%%#!((#%*' &'( 4!'%( &!,'* ( '( !"-(
3#, 4'( ,-*'3 '+,( ' &!M+(-( (+, 4' *#%#4 ,' $+,. <'3'%&#% 2 4'( 4!'%( !%@
 ',0-,'% ( %' ($% 3#( *$%%+( 3#, 4'( -"'  '+,(. E'( ($+,*'( &$!)'% *9$!(!,
4'+, 3+!((#%*' &'  ,#%("!((!$% #!%(! 5+' 4' &-;! &-4!),- &6+%' "#%!7,' #+ $@
%$"' ' &-*'% ,#4!(-' ;#(-' (+, 4# *$%%#!((#%*' 3#,0#! ' &'( 4!'%( &!,'* ( ' 
('+4'"'% +%' *$%%#!((#%*' ( # !( !5+' &'( 4!'%( !% ',0-,'% (. L% ,#!($% &+
 !"#$%&' ( !)*%'+,-%+)*.
 !"#$% &% '(""!)**!"'%* *$+ ,-./!/ &$ '!"!,0 &%* '(  $")'!/)("* 1!2,%* "%
*("/ 3!* 4!+!"/)%* %/ $" '%+/!)" 3($+'%"/!4% &-)"/%++$3/)("* 3%$5%"/ *$+5%6
")+7 8"*$)/%0 (" ./$&)% ,%* */+!/.4)%* #$% ,%* *($+'%* &%5+!)%"/ !&(3/%+ 3($+
!,,($%+ ,%$+* +%**($+'%* %" ,-!2*%"'% &% '(""!)**!"'% 3!+9!)/% &$ '!"!,7
:% 3+(2,; % &-!,,('!/)(" &%* +%**($+'%* %*/ !2(+&. !5%' $"% !33+('<%
&% ,! /<.(+)% &%* =%$>7 ?-!,,('!/)(" &%* +%**($+'%* %*/ 2!*.% *$+ ,%* 9("'/)("*
&-$/),)/. '("*)&.+!"/ ,%* &.2)/* +.%,*0 %/ &%* 3."!,)/.* 3($+ ,! '("*(  !/)("
&-."%+4./)#$%7 @%* !,4(+)/< %* &-!,,('!/)(" &%* +%**($+'%* 2!*. *$+ ,%*  !"#
$%&'()!*( %/ ,-(3/) )*!/)(" *("/ 3+(3(*.%*7 @!"* ,% '!&+% &%* =%$> A!B%*)%"*0
(" ./$&)% &%$> '!* C
D7 !,,('!/)(" &% 3$)**!"'% ,(+*#$% ,%* &.2)/* &% /+!"* )**)(" *("/ 3+.&.16
")* E
F7 !,,('!/)(" '("=()"/% &%* 3$)**!"'%* %/ &.2)/*7
G($+ ,% 3+% )%+ '!*0 ("  ("/+% #$% ,-!,,('!/)(" 2!B.*)%""% &% 3$)**!"'%
'("5%+4% 5%+* $" =%$ '("'!5%7 H$ '("/+!)+%0 3($+ ,-!,,('!/)(" '("=()"/% &%*
&.2)/* %/ &%* 3$)**!"'%*0 ,% =%$ 2!B.*)%" "-%*/ 3!* '("'!5%7 I" !"!,B*% !,(+*
,% =%$ %" *% 2!*!"/ *$+ ,-!"!,B*% &-$" =%$ .#$)5!,%"/7 ?-%>)*/%"'%0 ,!  $,/)3,)6
')/. %/ ,! */!2),)/. &%* .#$),)2+%* &% J!*< KJ8L *("/ !"!,B*.* &!"* ,%* &%$>
'!*7 M"% !//%"/)(" 3!+/)'$,);+% %*/ '("*!'+.% !$> +.4) %* !*B 3/(/)#$%* (N
,% *B*/; % %*/ ,) )/. +%*3%'/)5% %"/ 3!+ ,% 2+$)/ %/ ,-)"/%+9.+%"'%7
 !"#$%& '
 !"#$%&'#%!"
 !"# $!%!&'#()% )* +(&!,!-- .)//0%(.'#()% %!#+)&1- +(,, '..)//)2'#!
3!#!&)$!%)0- 0-!&- +(#3 3($3 &!40(&!/!%#- )* 2'#' #&'%-/(--()% &'#!5 62'78
#(9! -($%', 7&).!--(%$ #!.3%(40!- '&! +(2!,: 1%)+% '- 7,':(%$ ' 1!: &),!
(% /)2!&% +(&!,!-- .)//0%(.'#()% -:-#!/- #) (/7&)9! -:-#!/ 7!&*)&/'%.!5
;&'%-/(##!&-<&!.!(9!&- .'% '2'7# #) #3! /)2(=.'#()% )* #3! .3'%%!, !%9(&)%8
/!%#5 62'7#(9! -($%', 7&).!--(%$ #!.3%(40!- .'% (/7&)9! #3! .'7'.(#: )* #3!
-:-#!/ (% /'%: /!&(#-> !5$> -:-#!/ #3&)0$370# '%2 (#- -7!.#&', !?.(!%.:5
@% '2'7#(9! -($%',,(%$ #!.3%(40!-> #3! '9'(,'A(,(#: )* *0,, .3'%%!, -#'#!
(%*)&/'#()% BCD@E (- .&(#(.', #) (/7&)9! -:-#!/ .'7'.(#: FGH5 @% $!%!&',> CD@
.'% A! )A#'(%!2 (% #+) +':-5 6 =&-# '77&)'.3 .)%-(-#- (% !-#(/'#(%$ #3!
CD@ '# #3! &!.!(9!& '%2 *!!2(%$ #3! !-#(/'#()% A'.1 #) #3! #&'%-/(##!&5 6
-!.)%2 )%! '--0/!- &!.(7&).(#: )* #3! .3'%%!, '%2 !-#(/'#!- #3! CD@ '# #3!
#&'%-/(##!&5
@% -)/! 7&'.#(.', -:-#!/-> +3!% #3! #&'%-/(--()% 2!,': (- ,)%$ '%2 #3!
.3'%%!, (- *'2(%$ 9!&: &'7(2,:> )& #3! *!!2A'.1 .3'%%!, (- %)# '9'(,'A,!>
#3! *!!2A'.1 )* #3! !-#(/'#!2 (%-#'%#'%!)0- CD@ .'%%)# A! 0#(,(I!2 A!.'0-!
-0.3 (%*)&/'#()% (- )A-),!#! )& 0%'9'(,'A,!5 @% #3!-! .'-!-> 7'&#(',<-#'#(-#(.',
1%)+,!2$! )* CD@ (- 3!,7*0,5 6%2 )A#'(%(%$ 7'&#(', )& -#'#(-#(.', 1%)+,!2$!
)* CD@ '%2 (/7&)9(%$ #3! -:-#!/ 7!&*)&/'%.! A'-!2 )% #3(- (%*)&/'#()%
A!.)/!- .&0.(',5
@% #3(- .)%#&(A0#()%> +! .)%-(2!& #3! 7&)A,!/ )* .)//0%(.'#()% -:-#!/
2!-($% A'-!2 )% 7'&#(', )& -#'#(-#(.', 1%)+,!2$! )* CD@5
;3(- +)&1 (- -#&0.#0&!2 (% #+) 7'&#-5 @% #3! =&-# 7'&# )* #3! #3!-(-> +!
2!-($% ' .)/7,!#! -'#!,,(#! .)//0%(.'#()% -:-#!/ '2)7#(%$ '2'7#(9! A!'/8
*)&/(%$ +(#3 /)A(,! D;-5 @% #3! -!.)%2 7'&#> +! .)%-(2!& ' A,).1 *'2(%$
(%#!&*!&(%$ .3'%%!, +(#3 #+) #&'%-/(##!&<&!.!(9!& 7'(&-5 @/7!&*!.# .3'%%!,
J
 !"#$%&' ( !)*%'+,-%+)*
 !"#$%&' #!  ( &)& *&+*, &' '-, '$&!(% '',$ &!. '-,/ -&), '# .,',$% !, '-, $
'$&!(% (( #! $&', &!. 0#1,$  ! &! &2'#!#%#2( &!. .,3,!'$&* 4,. 1&/5 6,
('2./ '-, $,(#2$3, &**#3&' #! 0$#+,*% ) & & 7&%, '-,#$,' 3&* &00$#&3-5
8! 9&$' 8 #" '- ( '-,( (: & (&',** ', (/(',% +&(,. #! &.&0' ), +,&%"#$% !7
 (  !),(' 7&',.5 ; <,$,!'*/ "$#% 3#!),!' #!&* ('&' 3 +,&%"#$%,$(: & 7&',1&/
3&! &.&0'  '( +,&%"#$% !7 '# '-, &3' ), 3#!. ' #!( #" '-, (&',** ', ',$% !&*(
=>?@  ! '-, (/(',%  ! & 1&/ '-&' '-, >?( &$, &*%#('  ! '-, 3,!',$ #" & +,&%5
8! '- ( 1&/: '-, 3&0&3 '/ #" '-, (/(',%  ! ',$%( #" (,$),. >?( &!. 0#1,$
,A3 ,!3/ 3&! +, ( 7! B3&!'*/  %0$#),.5
C#%0&$,. '# 3#!),!' #!&* ('&' 3 %2*' +,&%(: &.&0' ), +,&%"#$% !7 $,D
E2 $,( '-, F!#1*,.7, #" '-, ('&', #" '-, * !F( +,'1,,! ,&3- >? &!. '-,
(&',** ',5 ;2, '# '-, 0,32* &$ '/ #" '-, (&',** ', (/(',%: #!, + 7 3-&**,!7,  (
'-&' #!, 3#%0#!,!' #" '-, (&',** ', 3-&!!,*:  5,: '-, 0$#0&7&' #! 3#,A3 ,!'(:
 ( "&(' "&. !7: &!. '-, 0$#0&7&' #! .,*&/  ( %23- *#!7,$ '-&' '-, 3#-,$,!3,
' %,5 ?-,$,"#$,: '-,  !('&!'&!,#2( C>8  ( #+(#*,', "#$ '-, .,( 7! #" &.&0' ),
+,&%"#$% !75 G#$'2!&',*/: '-, (&',** ', 3-&!!,* ,H- + '( (#%, "#$% #" (*#D
1 !7 "&. !7 3#%0#!,!'(: %#$, (0,3 B3&**/: '-, . $,3' ) '/ 3#,A3 ,!'( 1- 3-
&33#2!' "#$ '-, $&. &' #! 0&'',$!( #" '-, (&',** ', &!',!!&( '# . <,$,!' 0#D
( ' #!( #" '-, 2(,$(5 ?-,!: 1, ,H0*# ' '- ( F !. #" 0&$' &* F!#1*,.7, #" '-,
C>8 '# -,*0 '-, .,( 7! #" &.&0' ), +,&%"#$% !7 !,'1#$F5
6, 0$#0#(, &! &*7#$ '-% '# ,(' %&', '-, . $,3' ) '/ ),3'#$ 0&$&%,',$(
+&(,. #! & *,&(' (E2&$,( ,$$#$ 3$ ',$ #!5 6, (-#1 '-&' '-, ,(' %&' #! 0$#D
+*,% $,.23,( '# &! , 7,!)&*2, 3#%0*,%,!'&$/ 0$#+*,%5 6, .2+ '-, 0$#0#(,.
&*7#$ '-% 9&$&%,'$ 3 I,&(' >E2&$,( J(' %&' #! =9I>J@5 ?-, 0$#0#(,. &*D
7#$ '-% .#,( !#' $,E2 $, '-, ,(' %&' #! #" !2 (&!3, 0&$&%,',$( &!. '- (
,!&+*,( & 3#!( .,$&+*, 3#%0*,H '/ $,.23' #!5
K&(,. #! '-, ,(' %&' #! #" '-, . $,3' ) '/ ),3'#$( &!. '-, F!#1*,.7,
#" '-, ('&' 3( #" '-, 0$#0&7&' #! 3#,A3 ,!'(: 1, 0$#0#(, '1# -,2$ (' 3 &0D
0$#&3-,( '# .,( 7! &.&0' ), +,&%"#$% !75 ?-, 0,$"#$%&!3, #" '-, &.&0' ),
+,&%"#$%,$  ( 3#%0&$,. 1 '- '-, 3#!),!' #!&* BH,. +,&%"#$%,$  ! %&!/
%,$ '(:  !3*2. !7 #2'&7, 0$#+&+ * '/: 0#1,$ ,A3 ,!3/: &3- ,),. ( 7!&* '#  !D
',$",$,!3, 0*2( !# (, $&' # =>8LM@5 L2%,$ 3&* $,(2*'( (-#1 '-&' &.&0' ),
+,&%"#$% !7 ',3-! E2, #2'0,$"#$%( '-, BH,. +,&%"#$% !7  ! &*%#(' ,),$/
&(0,3'5
N.. ' #!&**/: "#$ '-, (&F, #" '-, 3#%0*,',!,(( #" '-, &!&*/( ( (&',** ', (/(D
',%: (#%, &2H * &$/ 0$#+*,%( &$, &*(#  !),(' 7&',.  ! 9&$' 85 6, 0$#0#(, '1#
&00$#&3-,( +&(,. #! '-, . $,3' ) '/ ),3'#$( ,(' %&' #! '# $,(#*), 3#!',!' #!(
 ! '-, $&!.#% &33,(( 3-&!!,* "#$ '-, >?( ,!',$ !7 '-, (/(',%5 8! '- ( 1&/:
'-, 2(,$ 3#** ( #!(  ! '-, $&!.#% &33,(( 3-&!!,* 3&! +, $,.23,. &!. 3#!(,D
E2,!'*/ '-, '-$#27-02' #" '-, $&!.#% &33,(( 3-&!!,*  !3$,&(,(5 ?-,(, '1#
&00$#&3-,( &$,  %0*,%,!',. &' 0-/( 3&* *&/,$5 ?-,/ 3&! +, 3#%0*,%,!'&$/
'# '-, ,H (' !7 0$#'#3#*( .,( 7!,. "#$ '-, %2*' 0*, &33,(( *&/,$ =ONC@5
?-, "$,E2,!3/ &**#3&' #!  ( &*(# 3#!( .,$,.5 8! & (&',** ', 3#%%2! 3&D
' #! (/(',%:  '  ( &2(0 3 #2( '# &**#3&', '-, (&%, "$,E2,!3/ +&!. '# >?(
  !"# $%&'(()*+"), '( *' &'(()*+"), &#+%%)*-. /% "#!-  +01 !%")(2)()%&) !% +
3!4)% 2()5$)%&0 6+%, &+% 6) *!7!"), +%, "#) -0-")7 "#('$3#8$" !- !%&()+9
-),. :' )4)(1 "#) '8"!7+* 2()5$)%&0 +**'&+"!'% 8('6*)7 !- %'%9,)")(7!%!-"!&
8'*0%'7!+*9"!7) ;<=> #+(,. /% "#!- &'%"(!6$"!'%1  ) 8('8'-) " ' *' &'79
8*)?!"0 +*3'(!"#7- 2'( 2()5$)%&0 +**'&+"!'%. @) )4+*$+") "#) 8)(2'(7+%&)
'2 "#) " ' +88('+&#)- 60 &'78+(!%3 -0-")7 8)(2'(7+%&)  !"# '88'("$%!-9
"!& +**'&+"!'%. <$7)(!&+* ()-$*"- -#' "#+" "#) " ' +*3'(!"#7- !78('4) "#)
&+8+&!"0 '2 "#) -+")**!") -0-")7 -!3%!A&+%"*0  #!*) "#) &'78*)?!"!)- ()7+!%
*' .
B!%+**01 !% '(,)( "' +&5$!() + &'78()#)%-!4) !%-!3#" '2 "#)  #'*) -+")**!")
-0-")7 6+-), '% +,+8"!4) 6)+72'(7!%3 +%, !%&*$,!%3 "#) )C)&"- '2 !%&'79
8*)") &#+%%)* D%' *),3) +%, 2()5$)%&0 6+%, +**'&+"!'%1 + -!7$*+"'( !- 6$!*"
"' )4+*$+") "#) 8)(2'(7+%&) '2 "#) &'78*)") -0-")7. E#) -!7$*+"'( &'%-!-"-
'2 " ' 7+F'( 8+("- G
H> I -!7$*+"'( '2 (+%,'7 +&&)-- &#+%%)*. /" -!7$*+")- %) JE- )%")(!%3
"#) -0-")7. E#) &'%")%"!'%- +() ()-'*4), +%, + -*' 2+,!%3 &'78'%)%" '2
"#) JE- +() )-"!7+"), K
L> I -!7$*+"'( '2 &'%%)&"!'%9'(!)%"), &#+%%)*. /" -!7$*+")- 6'"# "#) 2'(9
 +(, *!%D +%, ()4)(-) *!%D. /% "#) ()4)(-) *!%D1 !" 8)(2'(7- "#) )-"!7+"!'%
'2 ,!()&"!4!"0 4)&"'(-. /% "#) 2'( +(, *!%D1 "#) 3+") +0 8)(2'(7- 2()5$)%&0
+**'&+"!'%- +%, ,)-!3%- "#) 6)+72'(7)( 6+-), '% "#) )-"!7+"), 8+("!+* D%' 9
*),3) '2 MJ/. E#) 3*'6+* -0-")7 8)(2'(7+%&) !- +--)--), !% ")(7- '2 '$"+3)
8('6+6!*!"0 +%, +&#!)4), J/<N.
/% "#) -)&'%, 8+(" '2 "#!- &'%"(!6$"!'%1  ) &'%-!,)( + 6*'&D 2+,!%3 !%")(9
2)(!%3 &#+%%)*  !"# " ' "(+%-7!"")(O()&)!4)( 8+!(-. @) +--$7) "#+" &#+%%)*
()&!8('&!"0 ,')- %'" #'*,. P'"# "(+%-7!"")(- #+4) 8)(2)&" D%' *),3) '2 "#)
,!()&" *!%D- -!%&) "#) ()&)!4)(- )-"!7+") "#) ,!()&" *!%D  !"# "#) &'(()-8'%9
,!%3 "(+%-7!"")(- +%, 6('+,&+-" "#!- !%2'(7+"!'% '% "#) 2)),6+&D &#+%%)*.
:' )4)(1 "#) !%")(2)(!%3 *!%D- +() $%D%' % "' "#) "(+%-7!"")(-. E#) -'$(&)-
#+4) "' ,)&!,) "#)!( "(+%-7!--!'% 8' )( +%, (+") !% +% +$"'%'7'$- +%, ,)9
&)%"(+*!Q),  +0 6+-), '% + 8)(2)&" D%' *),3) '2 "#) ,!()&" *!%D- +%, '%*0 +
-"+"!-"!&+* D%' *),3) '2 "#) !%")(2)(!%3 *!%D-. R$) "' "#) *+&D '2 D%' *),3)
'2 &#+%%)* -"+")1 ()*!+6*) &'77$%!&+"!'%- +() %'" 3$+(+%")), +%, + &)("+!%
*)4)* '2 '$"+3) )4)%"- 7+0 '&&$(. E#)%1  ) !%4)-"!3+") "#) -"(+")3!)- "#+"
"#) -'$(&)- -#'$*, +,'8" "' +**'&+") "#)!( ()-'$(&)- !% "#) +6-)%&) '2 8)(2)&"
&#+%%)* D%' *),3).
E#!- ()-'$(&) +**'&+"!'% 8('6*)7 !- +,,()--), 4!+ + 3+7) "#)'()"!&+* +89
8('+&# !% =+(" //. E#) ()-'$(&) +**'&+"!'% !- 6+-), '% $"!*!"0 2$%&"!'%- +&9
&'$%"!%3 2'( "#) ()+* "#('$3#8$"1 +%, -'7) 8)%+*"!)- 2'( 8' )( &'%-$78"!'%.
N)-'$(&) +**'&+"!'% +*3'(!"#7- 6+-), '%  !"#$%!& '!(#$ +%, '8"!7!Q+"!'%
"#)'(0 +() 8('8'-),. /% "#) &'%")?" '2 P+0)-!+% 3+7)1  ) !%4)-"!3+") " '
&+-)- G H> 8' )( +**'&+"!'%  #)% "(+%-7!--!'% (+")- +() 8(),)A%), K L> F'!%"
8' )( +%, (+") +**'&+"!'%. B'( "#) A(-" &+-)1  ) -#' "#+" P+0)-!+% 8' )(
+**'&+"!'% 6'!*- ,' % "' + &'%&+4) 3+7). S% "#) &'%"(+(01 2'( F'!%" (+")
 !"#$%&' ( !)*%'+,-%+)*
 !" #$%&'  (($) *+$!, *-& . /&0+ ! 1 2& +0 !$* )$!) 3&  !" %&  ! (/4&
*-& 1 2& 5 0&" $! *-&  ! (/0+0 $6  ! &78+3 (&!* 1 2&9 :$' 5$*- ) 0&0, *-&
&;+0*&!)&, 28(*+#(+)+*/  !" 0* 5+(+*/ $6 *-& < 0- =78+(+5'+820 ><=?  '&  ! @
(/4&"9 A#&)+ (  **&!*+$! +0 "&3$*&" *$ *-&  0/2#*$*+) -+1- !$+0& '&1+2&  !"
*-& +!*&'6&'&!)& (+2+*&" '&1+2&9
 !"#$%!" &'!($"
 !"#$$%"#  &'"#( )#'%*+ ,%"-
.(/#01#2" 3-!++#$  "!"#
.+140(!"%4+
 

 !"#$%& '
 !"#!$% &' ()%'*
+,!(-./)"#01'% '" 2!"#3)"#!$%
 !" #$%&'()*%+'$
 !"# $" #%#&'() #!&)**+&) ,--. !/)0 1)# !"&)"")# ($*&+2*)# !$ "+/)!$
1)# #!&)**+&)#3 *! 0!2!0+&4 )" &)5()# 1) "6(75) 1) &)5(+"!$8 #!&)**+&!+5)#
1)##)5/+# 2)$& 9&5) #)"#+7*)()"& !(4*+654) )" #) 7!#!"& #$5 *)# &)0:"+;$)#
7)!(<65(+"= ,>6"#&5$0&+6" 1) <!+#0)!$8. !1!2&!&+<# !$ *+)$ 1)# &)0:"+;$)
7)!(<65(+"= 06"/)"&+6"")**)#?
@)# #%#&'()# #!&)**+&!+5)# ($*&+1+5)0&+6"")*# !0&$)*# #) /6+)"& *)$5# 1+5)0A
&+6"# 1) &5!"#(+##+6" 06"#&5$+&)# 1) &)**) (!"+'5) B 06$/5+5 1)# C6")# =46A
=5!2:+;$)# #240+D;$)#? >)0+ !##$5) $" "+/)!$ (+"+($( )" &)5()# 1) ;$!*+&4
1) #)5/+0) ,E6-. 26$5 &6$&)# *)# #&!&+6"# #) &56$/!"& 1!"# *! C6") 1) 06$A
/)5&$5)? >6"&5!+5)()"& B 0)&&) &)0:"+;$)3 1!"# *) 7)!(<65(+"= !1!2&!&+<3
*! 06"#&5$0&+6" 1)# 1+5)0&+6"# )#& 7!#4) B *! *60!*+#!&+6" 1)# &)5(+"!$8 #!A
&)**+&!+5)# ,-F. ;$+ 1) 0) <!+& #) 5)&56$/)"& 25)#;$) &6$G6$5# !$ 0)"&5) 1)
*! 1+5)0&+6" 1) &5!"#(+##+6"? >)0+ 2)5()& "6" #)$*)()"& 1) (+"+(+#)5 *)
"+/)!$ 1H+"&)5<45)"0) 5)I$ (!+# !$##+ 1) =!5!"&+5 $") )J0!0+&4 4")5=4&+;$)
#$245+)$5)? >)2)"1!"&3 *H$&+*+#!&+6" 1) 0)&&) &)0:"+;$) !2265&) 1) "6$/)**)#
06"&5!+"&)# )& 2567*4(!&+;$)# )##)"&+)**)()"& 5)*+4# B *! 06""!+##!"0) 254!A
*!7*) 1$ 0!"!* 1) 06(($"+0!&+6" )"&5) *) -- )& *)# -F# !22)*4 KL>:!"")*
-&!&) M"<65(!&+6" ,>-M.KH?
@H!0;$+#+&+6" 1$ >-M )& *H+(2*4()"&!&+6" 1$ 7)!(<65(+"= !1!2&!&+<3 6"&
4&4 4&$1+4# 26$5 *)# #%#&'()# 1) 06(($"+0!&+6" 0)**$*!+5)# &)55)#&5)# 1H$"
26+"& 1) /$) 1)# /!5+4&4#3 2!5 )8)(2*)3 *! 567$#&)##) <!0) B 1)# 06""!+##!"0)#
+(2!5<!+&)# 1$ 0!"!*3 2540+#+6" 5);$+#) ;$!"& !$8 5)&6$5# 1$ >-M? N 0!$#) 1)
OO
 ! "#$%&'( ) *+&,+-. /' 0$.'1 2(+0345$&,67'. '& 8+&,9$&,+-.
 ! "#!$%& %'()#&$*& &$+#&  &, ,-,+./&, +&##&,+#&, &+ ,!+&  '+!'#&,0  1&2+&$,'3$
%&, #),4 +!+, &2',+!$+, $1&,+ 5!, '//)%'!+&6 7!# !'  &4#,0  1!*84','+'3$ %&,
'$93#/!+'3$, *!$! !'$,' 84&  ! *3$,+#4*+'3$ %&, %'#&*+'3$, %& +#!$,/',,'3$
#&84'&#+ 4$& '$:&,+'"!+'3$ ,4# ;!,& !% <3*6
=14$ %&, 5#3; ./&, /!>&4#, 534#  &, ,-,+./&, ,!+&  '+!'#& &,+  ! :! '%'+)
%4 ?@A '$,+!$+!$)6 B$ &(&+0 C *!4,& %4  3$" %) !' %& 5#35!"!+'3$0 84' &,+ ;'&$
5 4, "#!$% 84& *& 4' %4 +&/5, %& *3<)#&$*& %4 *!$! 0  1'$93#/!+'3$ *3  &*+)&
,4#  ! *!$! &,+ 3;,3 .+& !4 /3/&$+ %&  ! #)*&5+'3$0 &+ $& 5&4+ %3$* 5!, D+#&
4+' ',)& 534#  ! *3$,+#4*+'3$ %&, %'#&*+'3$, %& +#!$,/',,'3$E9!',*&!42F6
=13;>&*+'9 %& *& +#!:!' 0 &,+  ! *3$*&5+'3$ *3/5 .+& %14$ ,-,+./& ,!+& G
 '+!'#& 534# ,+!+'3$, /3;' &, &$ ,& ;!,!$+ ,4#  ! +&*<$'84& ;&!/93#/'$"
!%!5+!+':&6 A ! 9!  4 534# *& ! #),34%#& 84& 84&, 5#3; ./&, 534#  1!*84'G
,'+'3$ %1'$93#/!+'3$, !,,&H I!; &, ,4#  & *!$! &+ %& 534:3'#  1&25 3'+&# 534#
*3$,+#4'#&  &, %'#&*+'3$, %& +#!$,/',,'3$6
A &,+ * !'# 84&  & *<3'2 %4 +-5& %1'$93#/!+'3$ %1!*84','+'3$ ,4#  & *!$! 
%& +#!$,/',,'3$ %)5&$% %&, 5!#+'*4 !#'+), %4 *!$! ,!+&  '+!'#& &+ &,+ %& +34+&
):'%&$*& *#4*'! 534#  ! *3$*&5+'3$ %4 ,-,+./&6
=& *!$! %4 @@ 5&4+ D+#& /3%) ',) *3//&  ! *!,*!%&0 34 /4 +'5 '*!+'3$0
%& +#3', *3/53,!$+&, J
K6 L$& *3/53,!$+& C :!#'!+'3$,  &$+& 84' &,+  ! *3$,)84&$*& %&  ! /3;' '+)
%4 +&#/'$! 84' &,+ !55& )& :&*+&4# %& %'#&*+':'+) &$+#&  1!$+&$$& %4
,!+&  '+& &+ *&  & %4 +&#/'$! 6
M6 L$& *3/53,!$+& C :!#'!+'3$, #!5'%& 84' :'&$ %&  ! 5#35!"!+'3$ %4
,'"$! C +#!:&#,  & *!$! %& +#!$,/',,'3$6
N6 L$& *3/53,!$+& I2& &+ *3$$4& 84' #&5#),&$+&  ! /!+#'*& %& *3##) !+'3$
!4 $':&!4 %4 +&#/'$! 6
=& :&*+&4# %& %'#&*+':'+) &,+  1&$,&/; & %&, :! &4#, !55 '84)&, !42 %'()G
#&$+&, !$+&$$&, %4 ,!+&  '+& 534# +#!$,/&++#& %!$,  ! %'#&*+'3$ %4 +&#/'$! 
%),'#)6 A 5&#/&+ %& 93*! ',&# +34+&  1)$&#"'& %!$,  ! %'#&*+'3$ &+  ! 53,'+'3$
%4 +&#/'$! 6 ?&++& *3/53,!$+& &,+ #& !+':&/&$+ '$%)5&$%!$+& %&, 9#)84&$*&,
4+' ',)&, 5!#  & ,!+&  '+& /!', %)5&$% *3/5 .+&/&$+ %&  ! /3;' '+) %4 +&#/'G
$! 6
=&, *3&O*'&$+, /3%) ',&$+  & *!$! %& 5#35!"!+'3$ E!+/3,5<)#'84& &+ ,<!G
%3P'$"F &$+#&  & ,!+&  '+& &+  &, +&#/'$!42 /3;' &,6 ?&, *3&O*'&$+, *<!$"&$+
+#., #!5'%&/&$+ &+  & +&/5, %& *3<)#&$*& %4 *!$! &,+ +#., 5&+'+ %&:!$+  &
+&/5, %& 5#35!"!+'3$6 Q!$, *& *3$+&2+&0  1'$93#/!+'3$ '$,+!$+!$)& %4 ?@A
/&,4#)& !4 $':&!4 %&, +&#/'$!42 %&:'&$+ 3;,3 .+& 4$& 93', #&R4& 5!#  & ,!G
+&  '+&6
=! /!+#'*& %& *3##) !+'3$ 84!$+ C &  &0 5#&$% &$ *3$,'%)#!+'3$  1&(&+ %&
*345 !"& &$+#&  &, !$+&$$&, /4 +'5 &, &+  & *345 !"& &$+#& 53 !#',!+'3$,6
B$ *3$,'%)#!$+  ! $!+4#& &+  &, 5#35#')+), %4 *!$! ,!+&  '+!'#&0 3$ !%35+&
 &, :&*+&4#, %& %'#&*+':'+) *3//&  1'$93#/!+'3$ !*84',& ,4#  1)+!+ %4 *!$! 
!I$ %& *3$,+#4'#& $3, %'#&*+'3$, %& 5#35!"!+'3$ !%!5+!+':&,6
 !" #$%&'()*%+'$ " 
 ! "#$%& '! ()!)*+,-& ./$!- "012& .- #/,!%-!%,(,#,2) 3,% 4 3,% .-% (0!.-% .-
51)6$-!+-%& -2 .- #0 "1'"1,)2) .- 1)+,"1'+,2)
 
.$ +0!0# ./0$21- "0127 8-+, !'$%
"-19-2 .- 1)+$")1-1 #-% 3-+2-$1% .- .,1-+2,3,2) "-19-220!2 .- +'!%21$,1- #-%
(-09%7 :/,!5'1902,'! $2,#,%)- "'$1 #0 210!%9,%%,'! .0!% #- %-!% .-%+-!.0!2
-%2 (0%)- %$1 +-##- 0+6$,%- .0!% #- %-!% 9'!20!27
 ! +'!%,.)102,'! .-% '(%-1302,'!% "1)+).-!2-%& #-% %;%2<9-% %02-##,20,1-%
"1)%-!2-!2 .-$= .)*% 90>-$1% ?
@ :- 1-+'$31-9-!2 .-% 3-+2-$1% .- .,1-+2,'! -! %- (0%0!2 %$1 #-% '(%-130A
2,'!% -%2 ,!21,!%<6$-9-!2 $! "1'(#<9- ./-%2,902,'! 9$#2,A$2,#,%02-$1%&
!'! #,!)0,1- 6$, !/0 "0% )2) 210,2) .0!% #0 #,22)102$1-7
@ :0 +'!+-"2,'! .- 210!%9-22-$1%B1)+-"2-$1% !'! #,!)0,1-% "'$1 #-% %;%A
2<9-% CDCE -! %- (0%0!2 %$1 #0 +'!!0,%%0!+- %202,%2,6$- .$ +0!0# -%2
21<% .,F)1-!2- .-% 2-+G!,6$-% .- +'!+-"2,'! .- (-09% .0!% #- +0% .-
+'!!0,%%0!+- "0150,2- -2B'$ ,9"0150,2- .$ +0!0#7
 ! "#$% .- #0 %'#$2,'! %$%9-!2,'!!)-& #0 +'!+-"2,'! ./$!- %'#$2,'! +'9A
"#<2- .- 210!%9,%%,'! .,1-+2,'!!-##- 0.0"202,3- "'$1 #-% %;%2<9-% %02-##,20,1-%
-!H-!.1- 6$-#6$-% "1'(#<9-% 2-+G!,6$-% %-+'!.0,1-% ?
@ I##'+02,'! .-% (0!.-% .- 51)6$-!+- -! "1)%-!+- .- 9'(,#,2)7
@ 8'!+-"2,'! ./$! +0!0# 4 0++<% 0#)02',1- 03-+ 1)%'#$2,'! .-% +'!2-!2,'!%
(0%)- %$1 #- 9$#2,"#-=0H- %"02,0#-7  ="#',2-1 #-% 0!2-!!-% .- 210!%9,%A
%,'! 9$#2,"#-% 0$ !,3-0$ .$ %02-##,2- -2 #-% -%2,902,'!% 4 "1,'1, .-%
.,1-+2,'!%7
J0!% +- 21030,#& '! 210,2- 0$%%, +-% "1'(#)902,6$-%& -2 "1'"'%- .- !'$3-##-% %'A
#$2,'!% 2-+G!,6$-% 0*! .- +'!%21$,1- $!- %'#$2,'! +'9"#<2- "'$1 #-% %;%2<9-%
%02-##,20,1-% 9'(,#-% "-19-220!2 ./09)#,'1-1 %-!%,(#-9-!2 #-$1 +0"0+,2)7
K#$% %")+,*6$-9-!2& #-% 0!2-!!-% 9$#2,"#-% 0$ !,3-0$ .$ %02-##,2-& "-1A
9-22-!2 #/0++<% 9$#2,"#- %"02,0#- LMJCIN .- 90!,<1- 4 +- 6$- "#$%,-$1% 2-1A
9,!0$= 9'(,#-% "-$3-!2 +'99$!,6$-1 03-+ #- %02-##,2- -! 9O9- 2-9"% -2 %$1
#-% 9O9-% (0!.-% .- 51)6$-!+- %'$% 1)%-13- .- .,%"-1%,'! 0%%-P ,9"'120!2-
-!21- #-% 2-19,!0$=7 K'$1 +-#0& ,# -%2 ,!.,%"-!%0(#- .- 1)0#,%-1 $!- 0##'+0A
2,'! '"2,90#- .-% (0!.-% .- 51)6$-!+- -!21- #-% 2-19,!0$= 0*! ./0%%$1-1 $!-
%)"0102,'! %"02,0#- 9,!,90#-7
:0 +'!+-"2,'! .- +0!0# 4 0++<% 0#)02',1-& -%2 0$%%, ,!21,!%<6$-9-!2 1-#,)-
0$ "1'(#<9- 5'!.09-!20# .- +- 21030,#7  ! -F-2& ./$! "',!2 .- 3$- 01+G,A
2-+2$10#& $!- 09)#,'102,'! .$ !'9(1- .- MQ %-13,% "01 $! MM !)+-%%,2- $!-
0$H9-!202,'! %,9,#0,1- .- #0 +0"0+,2) .- 210,2-9-!2 .-% .-90!.-% .- %-13,+-%
%$1 #- +0!0# ./0++<%7 J/$! "',!2 .- 3$- .$ 210,2-9-!2 .$ %,H!0#& #/0+6$,%,A
2,'!B-%2,902,'! .-% 3-+2-$1% .- .,1-+2,3,2) "-19-22-!2 #/-="#',202,'! .- #0
%)"0102,'! %"02,0#- .-% MQ% 0*! .- 1)%'$.1- #-% +'!2-!2,'!% 6$,& 0$21-9-!2&
%-10,-!2 210,2)% +'99- .-% +'##,%,'!%7 E! "1'"'%- 0$%%, .-% 0""1'+G-% (0%)-%
%$1 #/-%2,902,'! .-% 3-+2-$1% .- .,1-+2,3,2) "'$1 09)#,'1-1 #- .)(,2 .$ %;%A
 ! "#$%& '#()$ *$% +,-+,./&/% 0-)*12$)&1'$ 3(. %&.+('$ 3($ '$ 41)1' ,$%&$ .*$)&.3($ %. -)
.)5$,%$ '$ ,6'$ *$% &,1)%2$&&$(,% $& ,/4$+&$(,%
 ! "#$%&'( ) *+&,+-. /' 0$.'1 2(+0345$&,67'. '& 8+&,9$&,+-.
 !"#$ %& '( )#* +,- -'& ( +,#- .'() /+0#) 1 ,2/  )+3( +'& 0#- 4)56(#&7#- # ,/
7'&7#. +'& 0# 4/+-7#/(8 .'() 79/6(# &'(:#/( ;< 6(+ #& )# 0/&- ,# -=- !"#$
>, #- 1 &' #) 6(# 7#-  #79&+6(#- -'& 7'".,5"#& /+)#- /(8 &'"3)#(8 .)' '?
7',#- 0# ,/ 7'(79# 02/77!- "(, +.,#- @ABCD 6(+ '& )57#""#& 5 5 .)'.'-5-
.'() /(E"#& #) ,# 053+ $
F/&- 7# 6(+ -(+ * &'(- .)5-#& '&- (& /.#)G( 0#-  9!"#- # 0#- )5-(, / -
HE()/& 0/&- ,#- 0+I5)#& - 79/.+ )#- 0# ,/ ./) +# >$ J# )#- # 0# 7# 79/.+ )# #- 
7'&-/7)5# 1 (& #8/"#& 0#- 7'&7#. - 4'&0/"#& /(8 ( +,+-5- 0/&- 7#  )/:/+,$
F/&- ,# 79/.+ )# K* &'(- 057)+:'&- ,# "'0!,# 0( -=- !"# ;; /0'. 5#
0/&- ,/ ./) +# >$ J#- 9=.' 9!-#- -() ,# ;; -'& 0+-7( 5#-$ L,(- 0# 05 /+,-
-() ,#- 7/&/(8 0+)#7 - # )57+.)'6(#- -'& 0'&&5-$ J#-  )'+- 7'".'-/& #- 6(+
05 #)"+&#& ,# 7/&/,* 72#- 1 0+)#* ,#- :#7 #()- 0# 0+)#7 +:+ 5* ,#- 7'#M7+#& - 0#
.)'./E/ +'&* ,/ "/ )+7# 0# 7'))5,/ +'& /( &+:#/( 0#- )57#. #()- -'& +,,(- )5-$
F/&- ,# 79/.+ )# N* &'(- .)'.'-'&- 0#(8 /..)'79#- 9#()+- +6(#- .'() ,/
7'&7#. +'& 0#- 4/+-7#/(8 /0/. / +4- 3/-5#- -() ,/ 7'&&/+--/&7# 0#- :#7 #()-
0# 0+)#7 +:+ 5 # ,/ - / +6(# 0#- 7'#M7+#& - 0# .)'./E/ +'&$ O'(- 7'"./)'&-
,#- .#)4')"/&7#- 0#-  #79&+6(#- /0/. / +:#- /:#7 (&#  #79&+6(# 7,/--+6(# 0#
3#/"4')"+&E* #& 7'&-+05)/& 0+I5)#& #- "5 )+6(#- P &+:#/( -+E&/, 1 +& #)45?
)#&7# .,(- 3)(+ @;>OQD* .(+--/&7# 0#  )/&-"+--+'& )#6(+-#* # .)'3/3+,+ 5 0#
7'(.()# 0#  )/&-"+--+'&$
F/&- ,# 79/.+ )# R* &'(- .)'.'-'&- (& /,E')+ 9"# .'() ,2#- +"/ +'& &'&?
,+&5/+)# 0#- :#7 #()- 0# 0+)#7 +:+ 5 3/-5 -() (& 7)+ !)# 0# "+&+"+-/ +'& 0#
,2#))#() 0#- "'+&0)#- 7/))5-$ O'(- "'& )'&- 6(# ,# .)'3,!"# 02#- +"/ +'&
&'& ,+&5/+)# .#( S )# )50(+ 1 (& .)'3,!"# 0# :/,#()- .)'.)#- 7'".,5"#&?
 /+)#-$ J2#- +"/ +'& &# &57#--+ # ./- ,2#- +"/ +'& 0#- 7'#M7+#& - 0( 7/&/,
0# .)'./E/ +'& 6(+ T'(#& ,# )U,# 0# ./)/"! )#- 0# &(+-/&7#$ F# 7#  # 4/?
G'&* ,/ 7'".,#8+ 5 .#( S )# 7'&-+05)/3,#"#& )50(+ #$ J/ .#)4')"/&7# 0#
,2/,E')+ 9"# #- 5E/,#"#& 5:/,(5# ./) 0#- -+"(,/ +'&- &("5)+6(#-$
F/&- ,# 79/.+ )# V* &'(- 057)+:'&- 0#(8 /,E')+ 9"#- .'() )5-'(0)# ,#-
7'& #& +'&- -() ,# 7/&/, 02/77!- /,5/ '+)#$ C#- 0#(8 /,E')+ 9"#- -'& 3/-5-
-() ,2#- +"/ +'& 0# :#7 #()- 0# 0+)#7 +:+ 5$ W&# #- +"/ +'& .)5,+"+&/+)# 0#-
:#7 #()- 0# 0+)#7 +:+ 5 .#)"# ,2#8.,'+ / +'& 0# ,/ -5./)/ +'& -./ +/,# #& )#
,#- ;<- /H& 025:+ #) 0#- .)'3,!"#- 0# 7',,+-+'&-$ J#- 0#(8 /,E')+ 9"#- -'& 
5E/,#"#& 7'".,5"#& /+)#- 1 0# &'"3)#(8 .)' '7',#- /7 (#,,#"#& .)'.'?
-5#- .'() ,/ )5-',( +'& 0#- 7'& #& +'&- /( &+:#/( 0# ,/ 7'(79# ABC$
F/&- ,# 79/.+ )# X* &'(- .)'.'-'&- 0#(8 /,E')+ 9"#- 1 7'".,#8+ 5 )5?
0(+ # .'() ,2/  )+3( +'& 0#- 4)56(#&7#- 0/&- ,# -=- !"# ;;$ O'(- 7'"./)'&-
,#- .#)4')"/&7#- 0( -=- !"# ,')-6(# ,#- ;<- -# :'+#& /  )+3(5- 0+I5)#& #-
.') #(-#- /( 9/-/)0 # 6(/&0 '& ,#() /  )+3(# ,#- .') #(-#- -#,'& 7#- 0#(8
/,E')+ 9"#-$ J#- )5-(, / - &("5)+6(#- "'& )#& 6(# ,#- /,E')+ 9"#- .)'.'-5-
'I)#& (& 3'& 7'".)'"+- #& )# ,/ 7'".,#8+ 5 # ,# 053+ 0( -=- !"# /+&-+
'3 #&($
B( 79/.+ )# Y* (&# 0#-7)+. +'& 0# ,/ - )(7 ()# 7'".,! # 0( -+"(,/ #() ;;
#- 4/+ # # (&# 5:/,(/ +'& 7'".,! # 0# ,/ .#)4')"/&7# 0( -=- !"# #- )5/?
 !" #$%&'()*$+ ,-.%%/+ 0*12(31$ $2 4567 89
 !"#$% &$ "'"()*$ +,*- $( +,*-.$/0  $" 12 *,3! $" -.#"$/(4/( 0$" +4/456
4 #4(,!.$"7  8$"(!*4(!,/ 0$" 9$+($5." 0$ 0!.$+(!9!(# 0$  8#*$(($5.7  4 +,/+$-:
(!,/ $(  4 ;,.*4(!,/ 0$ ;4!"+$45 404-(4(!9$7 4((.!35(!,/ 0$" ;.#<5$/+$"% &$"
-$.;,.*4/+$" 0$ +$ "'"()*$ = ,34 ",/( 4!/"! #94 5#$"%
 !" #$%&'()*$+ ,-.%%/+ 0*12(31$ $2 4567
>+(5$  $*$/(7 <54(.$ -.!/+!-$" 084++)" *5 (!- $ ",/(  4.=$*$/( *!" $/
,$59.$ 04/"  $" "'"()*$" 0$ +,**5/!+4(!,/ "4($  !(4!.$ ?6$" $( *,3! $" @AB7
C "49,!. D
E% >++)" *5 (!- $ -4. .#-4.(!(!,/ $/ ;.#<5$/+$ F>GHIJ D +K4<5$ 5(! !"4:
($5. $"( 4""!=/# C 5/$ 34/0$ 0$ ;.#<5$/+$ 0!L#.$/($ M
A% 2!*$ N!9!"!,/ G5 (!- $ >++$"" F2NG>J D  $" 5(! !"4($5." -$59$/( -4.:
(4=$.  4 *O*$ 34/0$ 0$ ;.#<5$/+$7 *4!" +K4<5$ 5(! !"4($5. (.4/"*$(
-$/04/( 0$" !/($.94  $" 0$ ($*-" /,/ +K$945+K4/("%
P% >++$"" Q,0$ N!9!"!,/ G5 (!- $ >++$"" FQNG>J D 5/$ "#<5$/+$ 08#(4 $:
*$/( 0!L#.$/($ $"( 4L$+(#$ C +K4<5$ 5(! !"4($5.% QK4<5$ "'*3, $ 085/
12 $"( *,05 # -4. 5/$ "#<5$/+$ 08#(4 $*$/( $( (.4/"*!" "5.  4 *O*$
.$"",5.+$ F;.#<5$/+$7($*-"J% &4 "#<5$/+$ 08#(4 $*$/( -$.*$( 0$ "#-4:
.$. (,5"  $" "!=/456 !/($.;#.$/(" 45 /!9$45 05 .#+$-($5. =.R+$ C  8,.:
(K,=,/4 !(# 0$" "#<5$/+$" 08#(4 $*$/(%
S% 1-4(!4 N!9!"!,/ G5 (!- $ >++$"" F1NG>J D  $" 5(! !"4($5." -4.(4=$/(
 4 *O*$ 34/0$ 0$ ;.#<5$/+$ $( (.4/"*$(($/( $/ *O*$ ($*-"% &$5."
"!=/456 !/($.;#.$/(" -$59$/( O(.$ "#-4.#" =.R+$ C  $5." 0!L#.$/($"  ,+4:
 !"4(!,/" =#,=.4-K!<5$" $(  4 -.#"$/+$ 084/($//$" *5 (!- $" 45 /!9$45
05 "4($  !($%
Q$" *#(K,0$" 084++)" *5 (!- $" -$59$/( O(.$ +,*3!/#$" $/"$*3 $% T  $"
4!/"! <5$  $5." 94.!4/($" K'3.!0$" ",/(  4.=$*$/( 5(! !"#" 04/"  $" +,**5/!:
+4(!,/" -4. "4($  !($%
N4/" +$ (.494! 7 /,5" +,/"!0#.,/" 5/ "'"()*$ "4($  !(4!.$ 34"# "5.  4 ($+K:
/, ,=!$ 1NG>% N4/"  $ "'"()*$ 1NG>7  4 0!9$."!(# =#,=.4-K!<5$ 0$" 12"
$"( $6- ,!(#$7 $(  $" !/($.;#.$/+$" +,:+4/4 $/(.$  $" 12" ",/(  !*!(#$" 95  4
0!"(4/+$  $" "#-4.4/(%
&4 ($+K/, ,=!$ + # -$.*$((4/( 0$ .#4 !"$.  $ 1NG> $"(  4 -.#"$/+$ 084/:
($//$" *5 (!- $" 45 /!9$45 05 "4($  !($% U/ (.4!($*$/( 4--.,-.!#7  !/#4!.$ ,5
/,/  !/#4!.$ 0$" "!=/456 *5 (!- $ .$V5" F0#($+(!,/ *5 (!:5(! !"4($5.J ,5 (.4/":
*!" F3$4*;,.*!/= ,5 -.#+,04=$J 45 /!9$45 0$  4 -4""$.$  $ -$.*$( .$"-$+(!:
9$*$/( 084""5.$.  4 "#-4.43! !(# 0$" "!=/456 08!/($.;#.$/(" ,5 0$ +,/+$/(.$.
 8#/$.=!$ 05 "!=/4 0#"!.# 9$."  8$*- 4+$*$/( 05 12" +!3 $%
 ! "#$%&'( ) *+&,+-. /' 0$.'1 2(+0345$&,67'. '& 8+&,9$&,+-.
 ! "#$%&'&()$* +&*, -. /&*&- +. /$001*)/&()$*
%&# ,&(.--)(.
 !"# $% &#%'()*((*!' +& $% #,-+.&*!' /+ (*0'%"1 /+ -!))"'*-%&*!'( .%#
(%&+$$*&+2 $% 0%))+ /+ 3#,4"+'-+( "&*$*(,+( +(& 0,',#%$+)+'& /+ 5 6 78 9:;<
= -+( 3#,4"+'-+(2 /*>,#+'&+( /*(&!#(*!'( (!'& *'&#!/"*&+( ("# $+( !'/+( $!#( /+
$+"# .#!.%0%&*!' 6 &#%?+#( $+( /*>,#+'&+( #,0*!'( /+ $@%&)!(.AB#+<
C@%&)!(.AB#+ .+"& D&#+ /*?*(,+ +' .$"(*+"#( #,0*!'(< C% &#!.!(.AB#+ +(&
$% #,0*!' %$$%'& /" (!$ E"(4"@6 "'+ %$&*&"/+ /+ 5F G)< H%'( -+&&+ ;!'+2 $%
&+).,#%&"#+ &!)I+ +' -!'&*'"2 +& %&&+*'& "' '*?+%" %"((* I%( 4"+ JF8 !" JK8
/+0#,( L+$(*"(< = .%#&*# /+ -+ .!*'&2 $% &+).,#%&"#+ -!))+'-+ 6 )!'&+#<
C@*!'!(.AB#+ +(& (*&",+ +'&#+ M8 +& 5888 G) /+ $% ("#3%-+ N H%'( -+&&+ #,J
0*!'2 $@!'/+ #%/*! +(& %>+-&,+ .%# /+( ,$+-&#!'(< ="J/+$6 /+ $@*!'!(.AB#+2 $+(
(*0'%"1 .+"?+'& D&#+ -!'(*/,#,( (+ .#!.%0+%'& /%'( $@+(.%-+ $*I#+< C% #,0*!'
-!).#*(+ +'&#+ $% &#!.!(.AB#+ +& $@*!'!(.AB#+ +(& /,'!)), +(.%-+ *'&,#*+"#
$*I#+< C@+(.%-+ $*I#+ %*'(* 4"+ $@+(.%-+ *'&,#*+"# '@*'&#!/"*(+'& 4"+ /+( /*(J
&!#(*!'( )*'*)+( ("# $+( (*0'%"1< C+( /*(&!#(*!'( $+( .$"( *).!#&%'&+( (!'&
*'&#!/"*&+( %" '*?+%" /+ $% &#!.!(.AB#+ +& $@*!'!(.AB#+<
O' 0,',#%$2 $+( !'/+( ,$+-&#!)%0',&*4"+( (!'& %>+-&,+( .%# .$"(*+"#( .A,J
'!)B'+( 6 /+( /+0#,( /*?+#( P7Q R
• $@%I(!#.&*!' .%# $+( 0%; %&)!(.A,#*4"+(
• .A,'!)B'+( ),&,!#!$!0*4"+( S.%# +1+).$+2 $% .$"*+2 $% 0$%-+2 '"%0+2
+&-< < <T
• 3"),+ +& .!"((*B#+
• (-*'&*$$+)+'& &#!.!(.A,#*4"+
• #!&%&*!' /+ U%#%/%V
• /@%&&,'"%&*!' *!'!(.A,#*4"+
• (-*'&*$$+)+'& *!'!(.A,#*4"+<
 !"# $+( &+#)*'%"1 )!I*$+( .%# (%&+$$*&+2 $% .#!.%0%&*!' +(& ,0%$+)+'&
%>+-&,+ .%# /+( .A,'!)B'+( ("..$,)+'&%*#+( R
• #,W+1*!'( +& /*>#%-&*!' /+( IX&*)+'&(
• !)I#+ /+( %#I#+( +& /+( *))+"I$+( /+ 0#%'/+ A%"&+"#
• /,-%$%0+ /+ 3#,4"+'-+ H!..$+#<
 !2 3&(#)/. +. +)#./()4)(5 /., /&*&16 +. /$001*)7
/&()$* %&# ,&(.--)(.
 !"# $+( &+#)*'%"1 (%&+$$*&+ )!I*$+(2 $% .%#&*+ ,?%'!"*((+)+'& /Y 6 $%
)!I*$*&, +(& )!/,$*(,+ .%# "' ?+-&+"# /+ /*#+-&*?*&,2 "' .!"# -A%4"+ Z[<
L+ ?+-&+"# +(& /,&+#)*', .%# $+ /*%0#%))+ /+ #%V!''+)+'& /+( %'&+''+(
/" (%&+$$*&+2 /%'( $% /*#+-&*!' /+ $% Z[ -!##+(.!'/%'&+< \' /*%0#%))+ /+
#%V!''+)+'& #+.#,(+'&+ $@,'+#0*+2 $% .A%(+ +& $% .!$%#*(%&*!' /+ $@%'&+''+
/%'( /+( /*>,#+'&+( /*#+-&*!'( /+ (!' -A%). /+ #%V!''+)+'&<
 !" #$%&$$&' ($%&))(*&$%&' &% %&+,$-)-*(& .&/01-20($* 34
 ! "!#$!%& '! '(&!#$("($) !*$&! +!, -*$!**!, '% ,-$!++($! !$ %*! ./ !,$
')$!&0(*)! 1-& '!%2 3-#$!%&, 4
5  - 16,($(6* 7)67&-18(9%! '! +- ./: "% 9%! +- 16,($(6* '! +- ./ ')$!&;
0(*! +- '(&!#$(6* <=&!+-$("!<> '>%*! -*$!**! '% ,$!++($! "!&, +- ./ ?
5  - 3&)9%!*#! 16&$!%,!@ A+ !,$ (*$)&!,,-*$ '! *6$!& 9%! +!, !B!$, '! +- 3&);
9%!*#! 16&$!%,! ,%& +!, "!#$!%&, '! '(&!#$("($) ,6*$ 0(*!%&,@ A+, 1!%"!*$
C$&! *)7+(7), '-*, %* ,D,$E0! '! ,-$!++($! '6**)!: 1-& !2!01+!: '-*, +-
F-*'! G- 6% +- F-*'! G%@ H!#( (01+(9%! 9%! *6%, 16%"6*, F)*)I#(!&
'! +- &)#(1&6#($) '! +- '(&!#$("($) -%,,( F(!* 16%& +!, ,D,$E0!, /JJ
!$ KJJ: !$ 1-, ,!%+!0!*$ !* 06'! /JJ: #600! #>!,$ +! #-, 16%& +!,
#600%*(#-$(6*, 06F(+!, $!&&!,$&!,@
 !" #$%&$$&' ($%&))(*&$%&' &% %&+,$-)-*(& .&/01-23
0($*
L* ,D,$E0! M -*$!**!, (*$!++(7!*$!, #60F(*! '!, &),!-%2 '>-*$!**!, -"!#
'!, #-1-#($), '! $&-($!0!*$ '! ,(7*-%2 -I* '>-N%,$!& -%$60-$(9%!0!*$ +!
06$(3 '! $&-*,0(,,(6* !$O6% &)#!1$(6*@  >6FN!#$(3 '>%* ,D,$E0! M -*$!**!,
(*$!++(7!*$!, !,$ '! 1!&0!$$&! M #8-9%! ./ '>)0!$$&!O&!#!"6(& '!, ,(7*-%2
"!&,OM 1-&$(& '! +- 1-,,!&!++! '-*, %*! '(&!#$(6* 1-&$(#%+(E&! 0(*(0(,-*$ 6%
-**%+-*$ +!, (*$!&3)&!*#!, '!O"!&, +!, -%$&!, %$(+(,-$!%&,@ P* %$(+(,-*$ '!, -*;
$!**!, (*$!++(7!*$!,: +- #-1-#($) '% ,D,$E0! 1!%$ C$&! -%70!*$)! '! 0-*(E&!
,(7*(I#-$("!@
 - $!#8*6+67(! '! #6*$&Q+! '! +- '(&!#$("($) !$ '! +!, 16(', '! +- $&-*,0(,;
,(6*O&)#!1$(6* !,$ %*! $!#8*(9%! '! 36&0-$(6* '! 3-(,#!-%2 -11!+) F!-036&;
0(*7@
 !, ,D,$E0!, M -*$!**!, (*$!++(7!*$!, ,6*$ #+-,,), !* '!%2 $D1!, RST: M
,-"6(& 4
• .D,$E0! M 3-(,#!-%2 #600%$) ?
• .D,$E0! M 3-(,#!-%2 -'-1$-$(3,@
 !"#$%& ' ()*"+&),- +.%%,#/
J-*, +! ,D,$E0! M #600%$-$(6* '! 3-(,#!-%2: +! ,-$!++($! !,$ )9%(1) '!
9%!+9%!, -*$!**!, '(&!#$(6**!++!, 9%( 16(*$!*$ "!&, '!, '(&!#$(6*, 1&)')I*(!,@
 - 1-,,!&!++! F-,#%+! !*$&! +!, '(B)&!*$!, -*$!**!, F-,)!, ,%& +>)"-+%-$(6* '%
,(7*-+ &!U%: +! 1+%, ,6%"!*$ !* $!&0!, '! 1%(,,-*#! &!U%!@ V&W#! M ,- #-;
&-#$)&(,$(9%! '! '(&!#$("($) )+!")!: #!$$! $!#8*(9%! -0)+(6&! +!, 1!&36&0-*#!,
'% ,D,$E0! 1-& &-116&$ M %*! -*$!**! #+-,,(9%!: 0-(, +!, -0)+(6&-$(6*, ,6*$
+(0($)!,@
K(7%&! S@X 06*$&! %* ,D,$E0! M #600%$-$(6* '! 3-(,#!-%2@ L* '!, 1&6;
F+E0!, 0-N!%&, '! #! $D1! '! ,D,$E0! '! #600%$-$(6* !,$ 9%! +!, 3-(,#!-%2
*! ,6*$ 1-, -'-1$-$(3, !* 36*#$(6* +!, !01+-#!0!*$, '!, ./, '>(*$)&C$ !$: 1-&
#6*,)9%!*$: +!, ./, 1!%"!*$ $60F!& !* '!86&, '% #!*$&! '!, 3-(,#!-%2 1&(*;
#(1-%2 #6&&!,16*'-*$,@ J! #! 3-($: +!, ./, 1!%"!*$ &!#!"6(& 06(*, '>)*!&7(!
 ! "#$%&'( ) *+&,+-. /' 0$.'1 2(+0345$&,67'. '& 8+&,9$&,+-.
 !"#$%  !" # $%&'()*'+,- .)''/01 2 .3)+4 5&,6 /, %,6%'78%
9*1:510%*'+,1 5% (&+6;%&/4
9*)<%,&,0 5/ 6+-,&8 /0+8% %0 6)/=*%,0 5&<&,0&-% 5% 8>+,0%*(1*%,;% 5%6 &/0*%6
/0+8+6&0%/*6!
 !"#$%& ' ()*"+&),- ).)/#)#*("
 !"#$%  !? # @&+6;%&/4 @5&90&0+(6 2 A%6 (&+6;%&/4 6>&5&90%,0 B
8>%,<+*),,%'%,0
C&,6 8% 6D60E'% 5% B (&+6;%&/4 &5&90&0+(6F 8& 9/+66&,;% 0*&,6'+6% 9&* 8%6
(&+6;%&/4 '/80+98%6 9%/0 G0*% *1-81 %, 0%'96 *1%8 %, (),;0+), 5%6 ;3&,-%'%,06
5% 8>%,<+*),,%'%,0! A& ()*'&0+), 5% (&+6;%&/4 9%*'%0 5% *1-8%* 8% 5+&-*&''%
5% *&D),,%'%,0 -8)7&8 5% 98/6+%/*6 &,0%,,%6 9)/* '&4+'+6%* 8% -&+, 5&,6 8&
5+*%;0+), 6)/3&+01% %0 '+,+'+6%* 8%6 +,0%*(1*%,;%6 9*)<%,&,0 5>&/0*%6 5+*%;:
 !" #$%&''(%&) *+'%(,'&) &% )%-$%./(&) 0& 12+3&-%+-& 45
 !"#$% &' ('  ' )*+"#, -' .*//". $!0#*- 1 !# '.)2.'#(' /-3$ 4.3! 56789: /'3 
; .' *30<'# 2' =' <*#!>.' $!0#!?(* !@'%
A!03.' B%C <"# .' 3#' ("</*.*!$"# '# .' -' $D$ ><' 1 )*!$('*3E ("<<3F
 2$ ' -' $D$ ><' 1 )*!$('*3E *=*/ * !)$% &*#$ -' $D$ ><' 1 ("<<3 * !"#, -'
6G =H!# 2.; /'3 ="#( #' /*$ $'  ."3@'. =*#$ -* =!.'( !"# =3 -"4' /.!#(!/*-
I3! -' $'. ' -'$ 6G$ !# '.)2.'# '$ #' $"# /*$ =*#$ 3#' =!.'( !"# =' .*D"#F
#'<'# #3--'% J*. ("#$2I3'# , -' 6789 "4 '#3 1 -* 6G /'3 ; .' =20.*=2'%
K3 ("# .*!.', =*#$ -' $D$ ><' *=*/ * !), -' -"4' /.!#(!/*- $' ("#('# .' $3.
-* 6G =H!# 2.; ' -'$ 6G$ !# '.)2.'# '$ $"# $! 32'$ =*#$ 3# /"!# =' .*D"#F
#'<'# #3- "3 /.'$I3' #3-% J*. ("#$2I3'# , -' $D$ ><' *=*/ * !) *<2-!".'
2#".<2<'# -' 6789 "4 '#3 /*. .*//". 1 ('-3! "4 '#3 /*. 3# $D$ ><' 1
("<<3 * !"#%
 !" #$%&''(%&) *+'%(,'&) &% )%-$%./(&) 0& 12+3&-%+-&
&*#$ -'$ $D$ ><'$ $* '--! *!.'$ *( 3'-$, -* L"#' =' ("3@'. 3.' '$ M*4!F
 3'--'<'# 2(-*!.2' /*. ='$ $/" $ =' )*!$('*3E ?E'$% &*#$ (' (*$, -'$ /"!=$ =3
.2$'*3 =' )*!$('*3E 5NA8: *3 #!@'*3 ='$ *# '##'$ ='$ $* '--! '$ $"# <*!#F
 '#3'$ ("#$ *# $% K?# =' -!<! '. -'$ !# '.)2.'#('$ '# .' )*!$('*3E *=O*('# $,
-* .23 !-!$* !"# ='$ ).2I3'#('$ '$ $"3@'# *="/ 2'% &'$ )*!$('*3E *=O*('# $
3 !-!$'# ='$ ).2I3'#('$ =!P2.'# '$%
A!03.' B%Q <"# .' 3# 'E'</-' =H3#  '- $D$ ><' *@'( 3# )*( '3. =' .23 !F
-!$* !"# =' ).2I3'#('$ =' B% R'$ L"#'$ ("3@'. '$ /*. =!P2.'# '$ ).2I3'#('$
$H*S(M'# *@'( ='$ ("3-'3.$ =!P2.'# '$% R'$ L"#'$ *=O*('# '$ 3 !-!$'# ='$
).2I3'#('$ =!P2.'# '$% A.2I3'#(' T '$ *  .!432' *3E )*!$('*3E T ' Q% U *# 
="##2 I3' -'$ ='3E )*!$('*3E $"# $! 32$ -"!# -'$ 3#$ ='$ *3 .'$, -H!# '.)2.'#('
("F(*#*- '$ -!<! 2'%
R'$ )*!$('*3E ?E'$ ("3@.'# 3#' ('. *!#' L"#' ' 0*.*# !$$'# 3#' I3*-! 2
<!#!<*-' =' $'.@!(' 5V"6: =*#$ 3#'  '--' L"#'% &*#$ (' 0'#.' =' $D$ ><',
/"3. 3# !# '.@*--' ='  '</$ ' =' 4*#=' =' ).2I3'#(' ="##2$, 3#' $'3-' 6G $!F
 32' =*#$ 3#' ('. *!#' L"#' /'3 ; .' $'.@!'% 6! ='3E "3 /-3$!'3.$ 3 !-!$* '3.$
$! 32$ =*#$ -* <;<' L"#' =' ("3@'. 3.' @'3-'#  .*#$<'  .' =*#$ 3#' <;<'
 .*#(M' M".*!.', 3# $'3- 3 !-!$* '3. /'3 ; .' $'.@!% U# ("#$2I3'#(', -".$I3'
-' #"<4.' =H3 !-!$* '3.$ I3! ='<*#='# 3#'  .*#$<!$$!"# ='@!'# 2-'@2, -*
/"$$!4!-! 2 =H2@2#'<'# $ =H!# '..3/ !"# ='@!'# 20*-'<'# 2-'@2% W'  ' "4F
$'.@* !"# -!<! ' )". '<'# -* (*/*(! 2 =H3#  '- $D$ ><' 1 )*!$('*3E ?E'$%
&*#$ 3# /."O' '3."/2'# ?#*#(2 /*. -HK0'#(' $/* !*-' '3."/2'##' 5U6K:,
3# *3 .' $D$ ><' =' ("#$ .3( !"# =' )*!$('*3E ?E'$ * 2 2 /."/"$2' /"3. *<2F
-!".'. -* (*/*(! 2 =3 $D$ ><' XYZ% &*#$ (' $D$ ><', "# 2@! ' -* .23 !-!$* !"#
='$ ).2I3'#('$ '  "3$ -'$ )*!$('*3E /'3@'# ; .' ='$$'.@!$ /*.  "3 '$ -'$
).2I3'#('$ =!$/"#!4-'$% R'$ /"!=$ =' -* NA8 $"# <*!# '#3$ ("#$ *# $% R*
=!P2.'#(' *@'( -H*#(!'# $D$ ><' '$ I3', =*#$ (' (*$, -'$ )*!$('*3E $"# .'F
0."3/2$ '# 0."3/'$ =' $'/ ' -'$ $!0#*3E $"# ("#O"!# '<'#  .*! 2'$ 1 -* )"!$
 ! "#$%&'( ) *+&,+-. /' 0$.'1 2(+0345$&,67'. '& 8+&,9$&,+-.
 !" #$ #%$% &' () *)'($'+) )+ ,&'+$'+)- .) *)++) /$0&'1 #$ 2$  )")##) ")0&%+
2#! %)!" *&2%) () *3$4!5!' ()  %6'$!7 () 89  !" (%:;")'+) $'+)'') - <'
$22#%4!) $#&" #$ (;+)*+%&' ,!#+%=!+%#% $+)!" >?@.A 2&!" $''!#)" #5%'+)"/;=
")'*) )'+") 89 ($' #) ,B,) *#! +)"- .) ,B,) 2&!" #$ #%$% &' (%")*+)1 #) 
/$% *)$!7 C7)  &'+ *&' +"!%+ $!  )%' () *#! +)" - D)++) $22"&*3) 2)",)+
!' /$*+)!" () ";!+%#% $+%&' () /";4!)'*) () E $F)* !') $,;#%&"$+%&' *&' %=
(;"$G#) () #5)H*$*%+;  2)*+"$#)- 9&!+)/&% 1 #) 89 I #$ /"&'+%J") (! *#! +)"
 &!:")'+ () %'+)"/;")'*) %'+)"=*#! +)"-
 !"#$% K-K L M$% *)$!7 C7) 2&!" #$ *&!F)"+!")  $+)##%+$%") N ";!+%#% $+%&'
() /";4!)'*) 
O) 2"%'*%2$# %'*&'F;'%)'+ () *) +P2) ()  P +J,) I /$% *)$!7 C7)  )
+"&!F) ($' #)!" ,$'4!) () Q)7%G%#%+;- O) /$% *)$!7 ')  &'+ 2$ $($2+$=
+%/ )' /&'*+%&' () #5),2#$*),)'+ () !+%#% $+)!" - R$" *&' ;4!)'+1 )+ $C'
() 6$"$'+%" !') 4!$#%+; ()  )"F%*) ,%'%,$#)1 2#! () 2!%  $'*) ) + ';*) =
 $%") I #$ +"$' ,%  %&'1 *)*% %'(!%+ !') ";(!*+%&' *&' ;4!)'+) () #5)H*$*%+;
;')"6;+%4!)-
S"T*) I #$ ,% ) )' &)!F") () #$ 6) +%&' $($2+$+%F) UMV1 #) 2&!+") 
2)!F)'+ B+") *&'0! )' /&'*+%&' () 2& %+%&' +"%G! W- O)!" #&G) 2"%'*%=
2$!7  ) *&'*)'+")"  !" #) 89- D3$4!) /$% *)$! ) + *&'0! 2&!" ,$7%,% )"
#) 6$%' ($' #$ (%")*+%&' () !+%#% $+)!" +$'(% 4!) #5%'+)"/;")'*) *";;) I 89
(5$!+")  &'+ ,%'%,% ; - R$" "$22&"+ I #$  +"$+;6%) () /&",$+%&' () /$% *)$!
C7) *#$  %4!)1 #$  +"$+;6%) () *&!F)"+!") $($2+$+%F) $,;#%&") #) 2)"/&",$'*) 
(!  P +J,) )' +)",) () ")'(),)'+ ;')"6;+%4!) )+  2)*+"$#-
X' &!+")1 #) /$% *)$!7 $($2+$+%/ 2)!F)'+ B+") *&'0! 2&!" ";2&'(") I
#$ Y&8 (5!' !+%#% $+)!" (&''; )+ &' '5$ 2$ G) &%' () 6$"$'+%" !' ,%'%,!,
() 4!$#%+; ()  )"F%*) ($' +&!+) !') Z&') () *&!F)"+!") #) *&'+)'$'+- O$
2!%  $'*) +"$' ,% ) ) + $($2+;) $!7 G) &%' (5!') 89 (&'';) )+ '&' 2$ 
$F)!6#;,)'+ *&'0!) 2&!" ";2&'(") I !'  *;'$"%& 3P2&+3;+%4!) +"$(!% $'+
!')  %+!$+%&' W[2%") () *$ W5- D)*% *&'(!%+ *#$%"),)'+ I !') $,;#%&"$+%&'
$((%+%&'')##) () #5)H*$*%+;  2)*+"$#)-
R&!" #$ *&'*)2+%&' () /$% *)$!7 $($2+$+%/ 1 #$ *&''$%  $'*) (! *$'$# I
#5;,)++)!" ) + !' 2&%'+ *"!*%$#- O) +"$' ,)++)!" *&'0&%+ #) /$% *)$!7 )'
/&'*+%&' () #$ *&''$%  $'*) 4!5%# $  !" #5;+$+ (! *$'$#-
 !" #$$%&'($&)* +,- .%/0(,*1,- +2*- 345# 67
 !"# $%&&% &'(#%) *" +&,-,#% -! #&.!&/0,% 1% $*"#&.+$&,*" 1% 2!,#$%!+3 !1!45
&!&,2# 4*+. !##+.%. -! $*+6%.&+.% #!&%--,&!,.%7 8%# 1/&!,-# &%$'",9+%# #+. -!
$*"$%4&,*" 1%# 2!,#$%!+3 !1!4&!&,2# #*"& 2*+.",# 1!"# -% $'!4,&.% :7
 !" #$$%&'($&)* +,- .%/0(,*1,- +2*- 345#
 !"# -! $*"#&.+$&,*" $-!##,9+% 1%# 2!,#$%!+3 ;3%# !6%$ 4.,#% %" $*<4&%
1% -! ./+&,-,#!&,*" 1% 2./9+%"$%#) -%# 2./9+%"$%# #*"& 4./5!=%$&/ !+3 2!,#$%!+3
%& +"% >!"1% 1% 2./9+%"$%# %#& 1% $% 2!,&) !--*+/% ? +"% @A %" 2*"$&,*" 1%
#! 4*#,&,*" .%-!&,6% 4!. .!44*.& !+ 2!,#$%!+ 1% $*+6%.&+.% $*..%#4*"1!"&7
A*+&%2*,#) $%-! "B%#& 4!# 6!-!>-% 4*+. -% #C#&(<% ? 2!,#$%!+3 !1!4&!&,2#7 8!
./+&,-,#!&,*" 1%# 2./9+%"$%# 1%6,%"& +" 4.*>-(<% DE51,F$,-%7  B+" 4*,"& 1%
6+% 4.!&,9+%) ,- %#& $.+$,!- 1% ./1+,.% -! $*<4-%3,&/ 1% $!-$+-) &*+& %" 0!.!"5
&,##!"& 1% >*""%# 4%.2*.<!"$%#7 D*+# /&+1,*"# -% 4.*>-(<% 1% -B!&&.,>+&,*"
1%# 2./9+%"$%# 1!"# @ GH !+ $'!4,&.% I7
 !6 #117- 28/2$)&%, +2*- 8,- 1)99(*&12$&)*- :2% -2;
$,88&$,
8% $!"!- 1B!$$(# !-/!&*,.% JKHLMN %#& -!.0%<%"& +&,-,#/ 4*+. -B!$$(# ,",5
&,!- 1% @A# 1!"# -! @@ %& 4*+. 1%# &.!"#<,##,*"# $*+.&%# %" .!2!-%7 O -B'%+.%
!$&+%--%) -%# #$'/<!# -%# 4-+# #*+6%"& +&,-,#/# 4*+. -% $!"!- 1B!$$(# !-/!&*,.%
1!"# -%# $*<<+",$!&,*"# 4!. #!&%--,&% #*"& @-*&&%15H-*'! P:Q PRQ %& 1,6%.#,&C5
@-*&&%1 H-*'! PSQ PIQ PTUQ7 E*+. -%# 1%+3 ./0,<%#) -% &%<4# %#& 1,6,#/ %" #-*&#
%& +"% #C"$'.*",#!&,*" %#& "/$%##!,.%7 8%# @A# 9+, #*+'!,&%"& $*<<+",9+%.
%"&.%"& 1!"# -% #C#&(<% %" &.!"#<%&&!"& -%+. 1%<!"1% #+. -% KHLM) !+
1/>+& 1B+"% 2%"V&.% J#-*&N7
 !"# -% #C#&(<% $-!##,9+% !6%$ $*"#&.+$&,*" 1% 2!,#$%!+ ;3%) +" 2!,#$%!+
"% 4%+& #+44*.&%. 9+B+"% #%+-% @A 4!. #-*&) #, 4-+# 1B+"# @A &.!"#<%&&%"&
#+. -% <V<% ,"&%.6!--% 1% &%<4#) +"% $*--,#,*" #% 4.*1+,& %& !+$+"% 1%# #&!5
&,*"# /<%&&.,$%# "% 4%+& V&.% 1/&%$&/ 4!. -% #C#&(<%7 8*.#9+% -% "*<>.% 1%#
@A# 9+, 6%+-%"& ,",&,%. +"% &.!"#<,##,*" !+0<%"&%) -! 4.*>!>,-,&/ 1% $*--,5
#,*"# !+0<%"&% $*"#,1/.!>-%<%"&7 8%# @A# 9+, *"& #+>, 1%# $*--,#,*"# 1*,6%"&
./4/&%. -%+. &.!"#<,##,*" W+#9+B? $% 9+B,-# #*,%"& 1/&%$&/# !6%$ #+$$(#7 L%-!
4%+& $*"1+,.% ? +" &.(# 0.!"1 .%&!.1 1% &.!"#<,##,*" %& ? +" 0!#4,--!0% 1% -!
>!"1% 1% 2./9+%"$%7 X" *+&.%) -% #,0"!- 1% $'!9+% 2!,#$%!+ %#& ,"1/4%"1!<5
<%"& &.!,&/ %& -! 1,6%.#,&/ #4!&,!-% "B%#& 4!# %34-*,&/%7
 !"# $% &.!6!,-) "*+# $*"#,1/.*"# -% KHLM 1B+" #C#&(<% #!&%--,&!,.% ?
2!,#$%!+3 <+-&,4-%# !6%$ ./+&,-,#!&,*" 1% 2./9+%"$% +",6%.#%-7 D*+# 4.*;&*"#
1% -! 1,6%.#,&/ #4!&,!-% %& 1% -! 2*.&% 1,.%$&,6,&/ 1%# !"&%""%# <+-&,4-%# !+ ",5
6%!+ 1+ #!&%--,&% 4*+. ./#*+1.% 1%# $*"&%"&,*"# %& %=%$&+%. +"% %#&,<!&,*" 1%
$!"!-7 X" 1B!+&.%# &%.<%#) 4-+#,%+.# !"&%""%# 1,.%$&,6%# 2*+.",##%"& +"% Y#,5
0"!&+.%Y +",9+% ? $'!9+% @A7 L%&&% 1%.",(.% %#& %34-*,&/% 4*+. -! 1/&%$&,*"
  !"#$%&' ( )*%+*,- .& /#-&0 1'*/234#%+56&- &% 7*%+8#%+*,-
 !"#$%!#$"$&'#(!)* +,(&# - .$)(* "' )/&0"!#$01 .(& +012$#&3 4') +01&/5!(1#* !1(
/#'6( 701.' (1#'"( .( +(##( #(+81$5!( 1/+(&&$#( ",(&#$ '#$01 .( "' &$91'#!)(
!1$5!( 60!) +8'5!( :;3
 !" #$%&'&(&)* +, -.&*/)012(&)* 320(&,--, +% 42*2-
+, (02*'1&''&)*
<,'+5!$&$#$01 .! =:> (&# !1 6)0?"@ ( +)!+$'" .'1& "' +01+(6#$01 .(& &A&%
#@ (& - 7'$&+('!B '.'6#'#$7& (# ./6(1. 70)#( (1# .(& +')'+#/)$&#$5!(& .!
+'1'"3
<,'+5!$&$#$01 +01C(1#$011(""( .! =:> 6(!# D#)( )/'"$&/( .( .$E/)(1#(&  '%
1$@)(&3 <' 6)( $@)( 7'F01 (&# .,'66)(1.)( .! )(#0!) .,$170) '#$01 .( "' 6')#
.! )/+(6#(!)3 <( =:> (&# (&#$ /( '! 1$C('! .! )/+(6#(!) &!) "' ?'&( .(& &A %
?0"(& 6$"0#(& .$&601$?"(&  !"#$"# '! 1$C('! .! )/+(6#(!) GHHI GHJI GHKI GHLI3
<,'!#)( '66)0+8( &( ?'&( &!) ",8A60#8@&( .( "' )/+$6)0+$#/ .! +'1'"* "( =:> (&#
(&#$ /( '! 1$C('! .( ",/ (##(!) - ",'$.( .( &A ?0"(& 6$"0#(& 5!$ &01# +011!&
' 6)$0)$ 6') ",/ (##(!)3
M'1& !1 ::* "(& +0(N+$(1#& .( 6)06'9'#$01 C')$(1# #)@& )'6$.( (1# (#
"( ./"'$ .( 6)06'9'#$01 .'1& "( +'1'" &'#(""$#'$)( (&# #)@& "0193 M( +( 7'$#*
",(&#$ '#$01 .( "' =:> $1&#'1#'1/( .(C$(1# #)@& )'6$.( (1# 0?&0"@#( (# 1(
6(!C(1# 6'& D#)( !#$"$&/(& 60!) "' +01+(6#$01 .(& 7'$&+('!B '.'6#'#$7&3
M'1& +(& +'&* .,'!#)(& #A6(& .,$170) '#$01&* 6') (B( 6"(* ",$170) '#$01
&!) +()#'$1(& 6')#$(& "(1#( (1# C')$'?"(& .'1& "( +'1'"* 6(!C(1# D#)( !#$"$&/(&
- "' 6"'+( .! =:> $1&#'1#'1/ (# 0E)( !1( &0"!#$01 6)'#$5!(* C! 5!,$"& +8'19(1#
6"!& "(1#( (1# 5!( ",/#'# .! +'1'"3
M'1& "(& &A&#@ (& .( +0  !1$+'#$01* ",$170) '#$01 6')#$(""( .( ",/#'# .!
+'1'" 6(!# D#)( &0$# /C'"!/( '! 1$C('! .( "' :; (# )(1C0A/( - "' 6'&&()(""(
0! (&#$ /(& '! 1$C('! .( ",/ (##(!) &$ "' )/+$6)0+$#/ .! +'1'" (&# '&&!)/(
O'!  0$1& .,!1 60$1# .( C!( &#'#$&#$5!(P3 <' 6)( $@)( '66)0+8( 1/+(&&$#( .(&
C0$(& .( )(#0!) (#* 6') +01&/5!(1#* ",(N+'+$#/ &6(+#)'"( .$ $1!(3 M'1& +(##(
+01#)$?!#$01* 10!& &!660&01& 5!( "' )/+$6)0+$#/ .( +'1'" (&# C'"'?"( 60!)
"(& C(+#(!)& .( .$)(+#$C$#/3 4') +01&/5!(1#* 01 6(!# (&#$ () "(& C(+#(!)& .(
.$)(+#$C$#/ '! 1$C('! .! &'#(""$#(* (# .,!#$"$&() +(##( (&#$ '#$01 6')#$(""( &!)
"( =:> 60!) +01+(C0$) "(& 7'$&+('!B '.'6#'#$7&3
<,'+5!$&$#$01 .( "' C')$'#$01 "(1#( .! =:> '! 1$C('! .( "' 6'&&()(""(* .'1&
!1 &A&#@ ( .( &'#(""$#'$)( 'C(+ .(& #() $1'!B  0?$"(& O:;P /5!$6/& /C(1%
#!(""( (1# .( 6"!&$(!)& '1#(11(& .( #)'1& $&&$01 (# #)'1& (##'1# 'C(+ !1(
60"')$&'#$01 9'!+8( (# .)0$#(* +01&#$#!( .( 10!C('!B ./Q& $1(B6"0)/& +0 6')/
'!B +8' 6& /#!.$/ (1 6)0701.(!) .( ",(&#$ '#$01 .(& +'1'!B &'#(""$#'$)( 'Q1
.( )/'"$&() "' ./#(+#$01 +08/)(1#( (# "( ./+0.'9( .! +'1'" 6') "( )/+(6#(!)3
R1 &!660&'1# 5!( "(& &#'#$&#$5!(& .(& +0(N+$(1#& .( 6)06'9'#$01 &01# .$&60%
1$?"(& '! 1$C('! .( "' 6'&&()(""( (# 5!,(""(& &01# ./+)$#(& 6') "(  0.@"( .011/
.'1& GHSI* ",(&#$ '#$01 6')#$(""( .! =:> &( )/.!$# - ",(&#$ '#$01 .(& .$E/)(1#(&
 !" #$%&'&(&)* +, -.&*/)012(&)* 320(&,--, +% 42*2- +, (02*'1&''&)* 5 
 !"#!$%&'($ )(&'($*  +($' , -./(* )($ 0( '(1/$ -( -./( '.0.'23 41 #!.&' -( 01(
-1 '/%.'("(&' -1 $.5&%)*  ( . 61. ."#).61( /2%).$(/ )% '7 8( -.9 .)( -+($'."(/
)($ #%/%":'/($ !;$(/02$ , '/%0(/$ )($ &1.$%& ($ "1)'.#). %'.<3
=+($'."%'.!& -($ 0( '(1/$ -( -./( '.0.'2 ($' .&'/.&$:61("(&'  ! "# $%#&'3
>&  !&$.-:/( 1& "!-:)( #%/%"2'/.61( -($  %&%1? !@ )( 0( '(1/ #%/%"2'/.61(
-( )% -./( '.0.'2 ($' /(#/2$(&'2 #%/ 1&(  !";.&%.$!& ).&2%./( -( 0( '(1/$ -(
-./( '.0.'2 -!&&2($ ('  !&&1$ , )+%0%& ( A0!./ )% $( '.!& B3CD (' !@ )($  !(<E
F .(&'$ -( #/!#%5%'.!& 0%/.%;)($ G!1(&' )( /H)( -( #%/%":'/($ -( &1.$%& ($
"1)'.#). %'.0($3
I!1$ #/2$(&'!&$ )($ %)5!/.'8"($ #/!#!$2$ (& -2'%.) -%&$ )(  8%#.'/( J3
 ! "#$%&'( ) *+&,+-. /' 0$.'1 2(+0345$&,67'. '& 8+&,9$&,+-.
 !"#$%& '
 !"#$%&'()* +,!--.($./ !()
0&123!12&(/
 !" #$%&'()*%+'$
 ! " #"$%&&'$% #(#$%) *++, -'$. )/&$'0&% "!$%!!"# "$ $.% #"$%&&'$%1 2"0"2'$(
'! $%3)# 45 #%36%7 +8 '! $.% 543-"37 &'!9 2"! :% #';":&( %!."!2%7 :( "740$'!<
"7"0$'6% :%")543)'!< '!#$%"7 45 24!6%!$'4!"& =>%7 :%")543)'!<?
 ! 2/33%!$ )/&$':%") ++#1 $.% :%")# "3% 7%#'<!%7 #/2. $."$ $.%'3 544$@
03'!$# 246%3 =>%7 <%4<3"0.'2"& &42"$'4!# "!7 " 2%3$"'! )'!')/) &%6%& 45 A/"@
&'$( 45 #%36'2% *B4+, '# </"3"!$%%7 $4 "!( +8 &42"$'4! -'$.'! $.% 544$03'!$
45 " :%")? C! $.% 24!$3"3(1 '! "7"0$'6% :%")543)'!<1 $.% :%")543)%3# "3%
$"'&43%7 $4 $.% +8D# &42"$'4!#1 -.'2. "3% "&-"(# "&)4#$ '! $.% 2%!$%3 45 $.%
:%")1 -'$. :%!%=$# '! $%3)# 45 :4$. %!%3<( 24!#/)0$'4! "!7 '!$%35%3%!2%
"64'7"!2%? E4)0"3%7 $4 #(#$%)# -'$. =>%7 )/&$':%")#1 "7"0$'6% :%")543@
)'!< 03%#%!$# !%- 2."&&%!<%#1 )"'!&( 3%&"$%7 $4 $.% 5"2$ $."$ '$ 3%A/'3%#
9!4-&%7<% 45 $.% #$"$% 45 $.% &'!9# :%$-%%! %"2. +8 "!7 $.% #"$%&&'$%?
F2A/'#'$'4! 45 2."!!%& #$"$% '!543)"$'4! *E+ , "!7 "7"0$'6% :%")543@
)'!< ."6% :%%! #$/7'%7 '! 2%&&/&"3 $%33%#$3'"& 24))/!'2"$'4! #(#$%)# 534)
)"!'54&7 0%3#0%2$'6%#1 $4 )%!$'4! #4)%1 34:/#$!%## -?3?$? ')0%35%2$ 2."!!%&
9!4-&%7<%1 3%A/'3%7 &%6%& 45 "22/3"2( '! $.% E+ 5%%7:"29? +"$%&&'$% #(#$%)#
-'$. "7"0$'6% :%")543)'!< 7'G%3 #/:#%A/%!$&( 534) '$# $%33%#$3'"& 24/!$%3@
0"3$? 8.% %>$%!#'4! 45 %>'#$'!< 3%#/&$# 543 $%33%#$3'"& #(#$%)# '# !4$ #$3"'<.$@
543-"371 "!7 $.% "2A/'#'$'4! 45 E+ "!7 :%")543)'!< 7%#'<! 3%A/'3%# "7 .42
'!6%#$'<"$'4!?
8.% 9%( 0%2/&'"3'$( 45 " #"$%&&'$% #(#$%) '# $.% 6%3( &4!< 0340"<"$'4!
7%&"( 45 $.% #'<!"&?  $ '# )/2. &4!<%3 $."! $.% 24.%3%!2% $')% 45 $.% #(#$%)?
HI
 ! "#$%&'( ) *$+,-(./012 "#$33'0-'4 $01 5.&67$&6.04
 !"#$ %""&'()* +% ,!" -#.,(#,(#"+/. 012 3")"-4"& (, ,!" 5(,"6(7 -. +'.+8","
%+3 (# (&(9,-4" '"(:%+3:-#5 &".-5#;
<'="),-4" +% ,!-. 6+3* -. ,!" )+:98"," &".-5# +% ( 11 %+3 :+'-8" 1 . '(."&
+# (&(9,-4" '"(:%+3:-#5 6-,! %+)/. +# ,!" *"7 -../". +% ,!" ()>/-.-,-+# +%
.+:" *-#& +% -#%+3:(,-+# +# ,!" .,(," +% ,!" )!(##"8 (#& &".-5# +% '"(:%+:"3
'(."& +# ./)! ( *-#& +% -#%+3:(,-+#;
2, -. (99(3"#, ,!(, ,!" )!+-)" +% ,!" *-#& +% -#%+3:(,-+# +# ,!" .,(,"
+% ,!" )!(##"8 ,+ '" ()>/-3"& (#& /."& %+3 '"(:%+3:-#5 &"9"#&. +# ,!"
9")/8-(3-,-". +% ,!" .(,"88-," )!(##"8 (#& -, -. )3/)-(8 -# ,!" &".-5# +% 11;
 !" )!(##"8 +% ( 11 6-,! :+'-8" 1 . -. :+&"8"& (. ( )(.)(&"$ -;"; (#(87,-?
)(887 (. ( :/8,-98-)(,-+#$ +% ,!3"" )+:9+#"#,. @(A ( .8+6 4(37-#5 )+:9+#"#,
&/" ,+ ,!" 1 B. :+'-8-,7$ 3"%"33"& ,+ (. &-3"),-4-,7 4"),+3 '",6""# ( 1 (#&
,!" .(,"88-," (#,"##(. C1DA E 'A ( %(., %(&-#5 )+:9+#"#,$ &/''"& 93+9(5(,-+#
)+:9+#"#, E )A ( FG"& (#& *#+6# )+:9+#"#,$ -;";$ ,!" )+33"8(,-+# :(,3-G (,
,!" 1 ;
 !" &-3"),-4-,7 4"),+3 )+#.-.,. +% ,!" 4(8/". +% ,!" 3(&-(,-+# 9(,,"3#. +%
(88 1D.$ -# ,!" &-3"),-+# +% ( 1 ; 2, ())+/#,. %+3 ,!" .,3+#5 &-3"),-+#(8-,7 +%
1D. (#& ,!" 1 9+.-,-+#.; 2, -. 3"8(,-4"87 -#."#.-,-4" ,+ %3">/"#)-". 6-,!-# ,!"
3(#5" +% %3">/"#)7 )(33-"3. +% ( .(,"88-," .7.,": (#& -,. 4(3-(,-+#. &"9"#&.
:(-#87 +# ,!" 1 B. :+'-8-,7;
 !" 93+9(5(,-+# )+"H)-"#,. :+&"8 ,!" 93+9(5(,-+# 8+..". C(,:+.9!"3-)
(#& .!(&+6-#5A '",6""# .(,"88-," (#& 1 ;  !"." 93+9(5(,-+# )+"H)-"#,.
%(&" 4"37 %(., (#& ,!" )+!"3"#)" ,-:" +% ,!" )!(##"8 -. 4"37 .!+3, 6!"#
)+:9(3"& ,+ -,. 93+9(5(,-+# &"8(7;  !/.$ -# ,!-. )+#,"G,$ ,!" -#.,(#,(#"+/.
012 :"(./3"& (, ( 1 (#& %"&'()* -. +'.+8"," 6!"# 3")"-4"& '7 ,!" 5(,"6(7;
 !" )+33"8(,-+# :(,3-G +% ( 1 ())+/#,. %+3 ,!" )+/98-#5 "I"),. (:+#5
:/8,-98" (#,"##(. (#& )3+.. 9+8(3-J(,-+#;
K7 )+#.-&"3-#5 #(,/3" (#& 93+9"3,7 +% ,!" .(,"88-," )!(##"8$ 6" (&+9, ,!"
&-3"),-4-,7 4"),+3. (. ,!" *-#& +% -#%+3:(,-+# ,+ '" ()>/-3"& +# ,!" )!(##"8
.,(," ,+ &".-5# (&(9,-4" '"(:%+3:-#5;
D&&-,-+#(887$ 6" '"#"F, %3+: ,!" -#."#.-,-4-,7 +% ,!" (#,"##( 3(&-(,-+#
3"%"3 ,+ ,!" )(33-"3 %3">/"#)7 6-,!-# ,!" %3">/"#)7 '(#& +% 11 (#& %3+: -,.
93+9"3,7 +% 3")-93+)-,7
 
,+ ()>/-3" ,!" &-3"),-4-,7 4"),+3. %+3 '"(:%+3:-#5
&".-5# -# ,!" %+36(3& 8-#* 4-( +'."34(,-+#. +# ,!" 3"4"3." 8-#*;
<# ,!" 8-5!, +% ,!" 93"4-+/. )+#.-&"3(,-+#.$ ,!" )+#,"G, +% 11 6-,! (&(9?
,-4" '"(:%+3:-#5 93"."#,. ( ,6+?%+8& :(-# )!(88"#5" )+:9(3"& ,+ ,!" ,"3?
3".,3-(8 .7.,":. @ (A ,!" ".,-:(,-+# +% ,!" &-3"),-4-,7 4"),+3. '(."& +# +'?
."34(,-+#. +% ,!" 5(,"6(7 -. -#,3-#.-)(887 ( #+#8-#"(3$ :/8,-/."3 ".,-:(,-+#
93+'8": 6!-)! !(. #+, '""# -#4".,-5(,"& 93"4-+/.87 E'A ,!" &".-5# +% ( :/8?
,-98" -#9/, :/8,-98" +/,9/, CL2L<A :/8,-/."3 #+#8-#"(3 ,3(#.)"-4"3 '(."&
 ! "# $% & '()*&+,)#&- ./0.,/#1 0' &)#,))&% #2&# /,3,$4$)5 .&##,/) 0' &) &)#,))& 62,)
(%,* '0/ /,3,$4$)5 $% $*,)#$3&- #0 #2, '&/ 7,-* /&*$&#$0) .&##,/) 0' #2, %&+, &)#,))&% 62,)
(%,* '0/ #/&)%+$%%$0)!
 !" #$%&'()*%+'$ ,-
 ! "#$ %"&"'%"'(&) *! +)$,-$  . "#$ (#&!!$) ,'/$0% %12%"&!"'&))3 .0 4 "#$
$5'%"'!- )'"$0&"10$ . (1%$,  ! 2$&4. 04'!- ,$%'-! +'"# 6$0.$("  0 '46$0.$("
70 21%" 2$&4. 04'!-8 '!%"&!"&!$ 1% 9:;<
=$%',$ "#$ % )1"' !  . "#$ &2 >$ 4$!"' !$, ( 0$ '%%1$%? "#$ ,$%'-!  . &
( 460$#$!%'>$ :: 2&%$,  ! &,&6"'>$ 2$&4. 04'!- 0$@1'0$% "#$ % )1"' !%  .
"#$ . )) +'!- &15')'&03 "$(#!'@1$ 60 2)$4% A &8 .0$@1$!(3 2&!, &)) (&"' !
'! "#$ 60$%$!($  . 4 2')'"3 &!, 28 ,$%'-!  . & 0&!, 4 &(($%% (#&!!$) +'"#
( !"$!"' ! 0$% )1"' ! 2&%$,  ! "#$ %6&"'&) 41)"'6)$5'!-  /$0$, 23 41)"'6)$
:B% &!, '!'"'&) $%"'4&"' !  . ,'0$("'>'"3 >$(" 0%< ;! "#'% + 0*? +$ '!>$%"'-&"$
&)% "#$%$ '%%1$% &!, 60 6 %$ !$+ "$(#!'(&) % )1"' !% . 0 "#$4 '!  0,$0 " 
21'),  . & ( 460$#$!%'>$ 4 2')$ :: 2&%$,  ! &,&6"'>$ 2$&4. 04'!- &!, " 
&%%$%% "#$ -) 2&) 6$0. 04&!($  . "#$ %3%"$4 &!, '"% (&6&('"3 $!#&!($4$!"<
C 0$ %6$('D(&))3? 41)"'6)$ &!"$!!&% &" "#$ %&"$))'"$ &!, 2$&4. 04'!-
$!&2)$ :6&($ E'>'%' ! C1)"'6)$ B(($%% 7:ECB8 %1(# "#&" 41)"'6)$ :F% (&!
( 441!'(&"$ +'"# "#$ -&"$+&3 +'"#'! "#$ %&4$ "'4$ '!"$0>&) &!, .0$@1$!(3
2&!, 1!,$0 "#$ ( !%"0&'!"  . & %1G('$!")3 +',$ %6&"'&) %$6&0&"' ! &4 !-
41)"'6)$ :F%< F#$0$. 0$? '" '%  . 60'4&03 0$)$>&!($ &! &660 60'&"$ &)) (&"' !
 . "#$ .0$@1$!(3 2&!, '!  0,$0 " "#$ :F% " -1&0&!"$$ :F %$6&0&"' !<
F#$ ,$%'-!  . & 0&!, 4 &(($%% (#&!!$) '% &)% '!"0'!%'(&))3 0$)&"$, " "#$
( 0$ '%%1$% &,,0$%%$, '! "#'% + 0*< ;! .&("? .0 4 &! &0(#'"$("10&) 6 '!"  . >'$+?
&! $!#&!($4$!"  . "#$ !142$0  . :F% %166 0"$, 23 & :: 0$@1'0$% & %'4')&0
$!#&!($4$!"  . "#$ (&6&2')'"3 " 60 ($%% 0$@1$%"%  . %$0>'($ '! "#$ 0&!, 4
&(($%% (#&!!$)< H0 4 & %'-!&) 60 ($%%'!- 6 '!"  . >'$+? "#$ &(@1'%'"' !I $%"'J
4&"' !  . "#$ ,'0$("'>'"3 >$(" 0% $!&2)$ "#$ $56) '"&"' !  . %6&"'&) %$6&0&"' !
 . :F% " 0$% )>$ ( !"$!"' !% "#&"  "#$0+'%$ + 1), 2$ "0$&"$, &% ( ))'%' !%<
F#$!? +$ 60 6 %$ &660 &(#$% 2&%$,  ! "#$ $%"'4&"' !  . ,'0$("'>'"3 >$(" 0%
" $!#&!($ "#$ "#0 1-#61"  . "#$ 0&!, 4 &(($%% (#&!!$)< B,,'"' !&))3? "#$3
&0$ 1%$.1) " %166 0" .0$@1$!(3 &)) (&"' ! &!, 2$&4. 04'!- ,$%'-! . 0 $&(#
!$+ :F $!"$0'!- "#$ %3%"$4< ;!"$0$%"'!-)3? "#$%$ "$(#!'@1$% 2&%$,  ! %'-!&)
60 ($%%'!-? &0$ ( 46)$4$!"&03 " "#$ !14$0 1% 60 " ( )% &" "#$ 41)"'6)$ &(J
($%% )&3$0 7CB98 0$($!")3 60 6 %$, " '!(0$&%$ "#$ "#0 1-#61"  . & 0&!, 4
&(($%% (#&!!$)<
;! "#$ . )) +'!-? +$ 60$%$!" &!  1")'!$  . "#$ 4&"$0'&)% &!, 0$%1)"% ( !"&'J
!$, '! "#$ '!,'>',1&) (#&6"$0%  . K&0" ;< F#$ 0$%"  . "#'% (#&6"$0 '% ,$> "$,
" & 0$>'$+  . "#$ .1!,&4$!"&) ( 441!'(&"' ! ( !($6"% "#&" &0$ 1"')'L$, '!
"#'% + 0*<
;! 9#&6"$0 M? +$ ,$%(0'2$ "#$ :: %3%"$4 4 ,$) &, 6"$, '! K&0" ;< F#$
&%%146"' !%  ! "#$ :: &0$ ,'%(1%%$,< E$"&')%  ! "#$ . 0+&0, &!, 0$>$0%$
)'!* (#&!!$)% &0$ 60 >',$,< N%6$('&))3? "#$ "#0$$ ( 46 !$!"% "#&" ,$"$04'!$
"#$ (#&!!$)? '<$<? "#$ ,'0$("'>'"3 >$(" 0%? "#$ 60 6&-&"' ! ( $G('$!"%? "#$
( 00$)&"' ! 4&"0'5 &" "#$ 0$($'>$0% &0$ '))1%"0&"$,<
;! 9#&6"$0 O? +$ 60 6 %$ "+ #$10'%"'(% &660 &(#$% " "#$ ,$%'-!  .
&,&6"'>$ 2$&4. 04'!- 2&%$,  ! "#$ *! +)$,-$  . "#$ ,'0$("'>'"3 >$(" 0%
&!, "#$ %"&"'(%  . "#$ 60 6&-&"' ! ( $G('$!"%< P$ ( 46&0$ "#$ 6$0. 04&!($
 ! "#$%&'( ) *$+,-(./012 "#$33'0-'4 $01 5.&67$&6.04
 ! "#$ %&%'"()$ *$%+! ,+(-. "$/#-(01$2 3("# % / -)$-"( -%4 *$%+! ,+(-.
"$/#-(01$ (- ,$4$)%-" +$,("2 (-/41&(-. %/#($)$& 2(.-%4 " (-"$,!$,$-/$ '412
- (2$ ,%"( 56789: &(2",(*1"( -; ,$01(,$& ",%-2+(" ' 3$,; %-& ",%-2+(22( -
 1"%.$ ', *%*(4("<=
7- >#%'"$, ?; 3$ ', ' 2$ %- %4. ,("#+ ! , "#$ - -4(-$%, $2"(+%"( -  !
"#$ &(,$/"()("< )$/" ,2 *%2$&  - % 4$%2" 201%,$2 $,, , /,("$,( -= @$ 2# 3 "#%"
"#$ - -4(-$%, $2"(+%"( - ', *4$+ /%- *$ ,$&1/$& " %- $(.$-)%41$ / +'4$A
+$-"%,< ', *4$+= B#$ $2"(+%"( - & $2 - " ,$01(,$ "#$ $2"(+%"( -  ! "#$
', '%.%"( - /#%--$4 / $C/($-"2 3#(/# '4%< "#$ , 4$  ! -1(2%-/$ '%,%+$"$,2=
7- 21/# % 3%<; "#$ / +'4$D("< /%- *$ 2(.-(E/%-"4< ,$&1/$&= B#$ '$,! ,+%-/$
 ! "#$ %4. ,("#+ (2 %42 $)%41%"$& *< -1+$,(/%4 2(+14%"( -2=
7- >#%'"$, F; 3$ &$2/,(*$ "3 %4. ,("#+2 " ,$2 4)$ / -"$-"( -2 (- "#$
,%-& + %//$22 /#%--$4 %" '#<2(/%4 4%<$,= B#$2$ "3 %4. ,("#+2 %,$ *%2$&
 - "#$ $2"(+%"( -  ! &(,$/"()("< )$/" ,2= G ',$4(+(-%,< $2"(+%"( -  ! "#$
&(,$/"()("< )$/" ,2 $-%*4$2 "#$ $D'4 ("%"( -  ! "#$ 2'%"(%4 2$'%,%"( - *$"3$$-
6B2 " ,$2 4)$ / -"$-"( -2= B#$ "3 %4. ,("#+2 %,$ %42 / +'4$+$-"%,< " 
-1+$, 12 ', " / 42 /1,,$-"4< ', ' 2$& ! , / -"$-"( - ,$2 41"( - %" HG>
4%<$,=
7- >#%'"$, I; 3$ ', ' 2$ "3 ,$&1/$& / +'4$D("< %4. ,("#+2 ! , !,$A
01$-/< %44 /%"( - (- % 66 2<2"$+= @$ / +'%,$ "#$ 2<2"$+ '$,! ,+%-/$ 3#$-
"#$ 6B2 %,$ %44 /%"$& (-" &(J$,$-" /%,,($,2 ,%-& +4< %-& 3#$- "#$< %,$ %44 A
/%"$& *< (+'4$+$-"(-. "#$ "3 %4. ,("#+2= 81+$,(/%4 ,$214"2 2# 3 "#%" "#$
', ' 2$& %4. ,("#+2  J$, % .  & ",%&$ J *$"3$$- / +'4$D("< %-& 2<2"$+
"#, 1.#'1"=
7- >#%'"$, K; 3$ &$2/,(*$ "#$ / +'4$"$ 2",1/"1,$  ! "#$ 66 2(+14%" ,
%-& ', ' 2$ % / +'4$"$ %22$22+$-"  ! 2<2"$+ '$,! ,+%-/$= B#$ / +'4$"$
2<2"$+ (-/41&$2 + *(4$ 6B2 %//$22(-. ,%-& + %//$22 /#%--$4; $2"(+%"( -  !
"#$ &(,$/"()("< )$/" ,2 %" "#$ ",%-2+(""$,; %&%'"()$ *$%+! ,+(-. &$2(.- %-&
!,$01$-/< %44 /%"( -= B#$ '$,! ,+%-/$  ! "#(2 / +',$#$-2()$ 2<2"$+ (2 $)%A
41%"$&=
 !" #$%&'(%) *++),, -+.)/), 012 -3#*
>1,,$-"4<; ! 1, ',(-/('4$2  ! +14"('4$ %//$22 "$/#-(01$2 %,$ 3(&$4< (+'4$A
+$-"$& (- ED$& %-& + *(4$ 2%"$44("$ / ++1-(/%"( - 2<2"$+2 LMN; -%+$4< O
P= Q,$01$-/< R()(2( - H14"('4$ G//$22 5QRHG: O $%/# 12$, (2 %22(.-$& " 
% &(J$,$-" !,$01$-/< *%-& S
M= B(+$ R()(2( - H14"('4$ G//$22 5BRHG: O 12$,2 /%- 2#%,$ "#$ 2%+$
!,$01$-/< *%-& *1" $%/# 12$, ",%-2+("2 &1,(-. - -  )$,4%''(-. "(+$
(-"$,)%42=
T= > &$ R()(2( - H14"('4$ G//$22 5>RHG: O % &(J$,$-" 2',$%&(-. 2$A
01$-/$ (2 %22(.-$& " $%/# 12$,= U%/# 2<+* 4  ! % 6B (2 + &14%"$& *<
 !" #$%&'(')*%+ *+ ,')-..*)- /%001+*2')*%+ /3'++-. 45
 !"#$ %&'( !$)*$'+$  '% ,# '!-&,,$% ./$# ,0$ ! -$ 1#$)*$'+2 3 '%
 '% ,&-$ &',$#/ 4 .1 ,0$ .,0$# 56!7 60$ !"#$ %&'( !$)*$'+$ $' 34$!
!$" # ,&.' .1  44 ,0$ &',$#1$#&'( !&(' 4!  , ,0$ #$+$&/$# 32 -*4,&*!$#
%$,$+,&.'7
87 5" +$ 9&/&!&.' :*4,&"4$ ;++$!! <59:;= > *!$#! !0 #$ ,0$ ! -$ 1#$?
)*$'+2 3 '%  '% ,# '!-&,  , ,0$ ! -$ ,&-$  '% ,0$&# &',$#1$#&'( !&?
(' 4! + ' 3$ !$" # ,$% ,0 '@! ,. ,0$&# %&A$#$', !" ,& 4 4.+ ,&.'!  '%
-*4,&"4$  ',$'' ! .1 ,0$ ! ,$44&,$7
60$!$ -*4,&"4$  ++$!! -$,0.%! + ' 3$ +.-3&'$% ,.($,0$#7 60$2  '% ,0$&#
023#&% !+0$-$!  #$ B&%$42 *!$% &'  ! ,$44&,$ +.--*'&+ ,&.'!7
C' ,0&! B.#@D B$ +.'!&%$#  ! ,$44&,$ !2!,$- 3 !$% .' 59:; ,$+0'.4.(27
C'  59:; !2!,$-D ,0$ ($.(# "0&+ %&/$#!&,2 .1 ,0$ 56! &! $E"4.&,$%D  '%
&',$#1$#$'+$  -.'( ,0$ +.?+0 ''$4 56! &! 4&-&,$% 3$+ *!$ ,0$2  #$ 1 # 1#.-
$ +0 .,0$#7
60$ @$2 ,$+0'.4.(2 $' 34&'( 59:; &! ,0$ "#$!$'+$ .1 -*4,&"4$  ',$'?
' !  , ,0$ ! ,$44&,$7 ; "#."$# 4&'$ # .# '.'4&'$ # "#.+$!!&'( .1 ,0$ -*4,&"4$
#$+$&/$% <-*4,&*!$# %$,$+,&.'= .# ,# '!-&,,$% !&(' 4! <3$ -1.#-&'( .# "#$?
+.%&'(=  , ,0$ ( ,$B 2 $' 34$ ,0$ !$" # 3&4&,2 .1 ,0$ &',$#1$#&'( !&(' 4! .#
,0$ +.'+$',# ,&.' .1 ,0$ $'$#(2 .1 ,0$ %$!&#$% !&(' 4 ,.B #% ,0$ 56! 4.+ ,&.'D
#$!"$+,&/$427
 !" #$%&'(')*%+ *+ ,')-..*)- /%001+*2')*%+ /3'+4
+-.
F.# ,0$ ,# '!-&!!&.'  '% #$+$",&.' .1 !&(' 4! &' ! ,$44&,$ +.--*'&+ ,&.'!D
,0$ # '($ .1 1#$)*$'+&$! &' *!$ &! *!* 442 1#.- G ,. HI JKL7 ;, ,0$!$ 1#$?
)*$'+&$!D %&A$#$', %&!,.#,&.'! .' B /$ "#." ( ,&.'  #$ &',#.%*+$% &' %&A$#$',
#$(&.'! .1 ,0$  ,-.!"0$#$7
60$  ,-.!"0$#$ + ' 3$ %&/&%$% &',. !$/$# 4 #$(&.'!7 60$ ,#.".!"0$#$
#$(&.' &! 1#.- ,0$ (#.*'% ,.  '  4,&,*%$ .1 GM @-7 N',&4 ,0&! ".&',D ,0$ ,$-?
"$# ,*#$ 1 44! +.',&'*.*!42  '% &, #$ +0$!  4$/$4  ! 4.B  ! ?MI .# ?OI P$4!&*!7
60$'D  1,$# ,0&! ".&',D ,0$ ,$-"$# ,*#$ !, #,! ,. #&!$  ( &'7 60$ &.'.!"0$#$
&! !&,* ,$% 3$,B$$' QI  '% GIII @- 1#.- ,0$ (#.*'%7 C' ,0&! #$(&.'D # %&.
B /$!  #$ &'R*$'+$% 32 $4$+,#.'!7 S$2.'% ,0$ &.'.!"0$#$D ,0$ !&(' 4! + ' 3$
+.'!&%$#$% ,. ,# '!-&, &' 1#$$ !" +$7 60$ #$(&.' 3$,B$$' ,#.".!"0$#$  '%
&.'.!"0$#$ &! #$1$##$%  ! &''$# 1#$$ !" +$7 60$ 1#$$ !" +$  '% ,0$ &''$# 1#$$
!" +$ + *!$ 4&,,4$ %&!,.#,&.'! .' ,0$ ,# '!-&, !&(' 4!D  '% ,0$ -.!, #$4$/ ',
%&!,.#,&.'!  #$ &',#.%*+$%  , ,0$ ,#.".!"0$#$  '% &.'.!"0$#$ 4$/$47
C' ($'$# 4D ,0$ $4$+,#.- ('$,&+ B /$!  #$  A$+,$% 32 !$/$# 4 "0$'.-$' 
,.  %&A$#$', $E,$', THU >
•  3!.#",&.' 32  ,-.!"0$#&+ ( !$!D
• -$,$.#.4.(&+ 4 "0$'.-$' <$7(7D # &'D &+$D +4.*%D $,+7=D
 ! "#$%&'( ) *$+,-(./012 "#$33'0-'4 $01 5.&67$&6.04
•  !"#$ %&' '( )*
• )+"," ,-$+$  ./&)/00%)/"&*
• 1%+%'%2 +")%)/"&*
• /"&" ,-$+$ %))$&(%)/"&*
• /"&" ,-$+$  ./&)/00%)/"&3
1"+ !"4/0$  %)$00/)$ )$+!/&%0 * ,+",%5%)/"& / %0 " %6$.)$' 42  "!$ %''/7
)/"&%0 ,-$&"!$&% 8
• +$9$.)/"& %&' '/6+%.)/"& :+"! 4(/0'/&5 *
•  -%'";/&5 42 )+$$ %&' )%00 4(/0'/&5 *
• <",,0$+ :+$=($&.2  -/:)3
 ! "#$%&'#(#') *+'$#, #- .+'%//#'% 01223-#&+'#1-
04+--%/
1"+ !"4/0$  %)$00/)$ )$+!/&%0 * )-$ :%'/&5 ,%+) '($ )" !"4/0/)2 / !"'$7
0$' 42 % '/+$.)/>/)2 >$.)"+* "&$ :"+ $%.- ?@3 @-/ >$.)"+ / '$)$+!/&$' 42
)-$ +%'/%)/"& ,%))$+& ": )-$ %&)$&&% %) )-$  %)$00/)$* /& )-$ '/+$.)/"& ":
)-$ ."++$ ,"&'/&5 ?@3 A +%'/%)/"& ,%))$+& +$,+$ $&) )-$ $&$+52* ,-% $ %&'
,"0%+/B%)/"& ": %& %&)$&&% /& '/6$+$&) '/+$.)/"& ": /) +%'/%)$' C$0'3
@-$ '/+$.)/>/)2 >$.)"+ 4$);$$& %&)$&&% %) )-$  %)$00/)$ %&' % ?@ / '$7
)$+!/&$' 42 );" :%.)"+ 8 DE )-$ 5$"5+%,-/. ," /)/"& ": )-$ ?@*  /&.$ ?@F 
," /)/"& '$)$+!/&$ )-$ G+$0%)/>$G '/+$.)/"& :+"! %& %&)$&&% )" )-$ ?@ H
IE.%++/$+ :+$=($&.23 J&)$+$ )/&502* )-$ $6$.) ": )-$ .%++/$+ :+$=($&.2 "& '/7
+$.)/>/)2 >$.)"+ %+$ !/&"+3 @-$2 .%& 4$ &$50$.)$' /& % 5/>$&  %)$00/)$  2 )$!*
$353* /& K% 4%&' "+ K( 4%&'3 @-/ /!,0/$ )-%) ;$ .%& 4$&$C) :+"! '/+$.)/7
>/)2 +$./,+"./)2 4")- /& @/!$ %&' 1+$=($&.2 </>/ /"& <(,0$L M@<<N1<<E
!"'$* %&' &") "&02 /& @<< !"'$* % /& )$++$ )+/%0 !"4/0$ ."!!(&/.%)/"& 3
 !5 .2+$' 6-'%--+ +-7 8%+291$2#-: ;%&4-1/1:)
A  !%+) %&)$&&%  2 )$! ."!4/&$ %&)$&&% %++%2 ;/)- )-$ .%,%4/0/)2
": ,+".$  /&5  /5&%0 %&' %'O( )/&5 )+%& !/  /"& %&'N"+ +$.$,)/"& ,%))$+&
%()"!%)/.%0023 @-$ "4O$.)/>$ ": %  !%+) %&)$&&%  2 )$! / )" %00"; $%.- ?@
)" )+%& !/)N+$.$/>$  /5&%0 )"N:+"! )-$ 5%)$;%2 /& % ,%+)/.(0%+ '/+$.)/"& ;/)-
0"; "+ &(00 /&)$+:$+$&.$ )"N:+"! ")-$+ ( $+ 3 P2 ()/0/B/&5  !%+) %&)$&&% * )-$
 2 )$! .%,%./)2 .%& 4$ /!,+">$'  /5&/C.%&)023
@-$ )$.-&"0"52 )" ."&)+"0 )-$ '/+$.)/"&%0/)2 %&' )-$ ;$/5-) ": )+%& !/ 7
 /"&N+$.$,)/"& / .%00$' 4$%!:"+!/&53
?!%+) %&)$&&%  2 )$! %+$ .%)$5"+/B$' /& );" )2,$ QRS* &%!$02*
•  ;/).-$' 4$%!:"+!/&5  2 )$! H
• %'%,)/>$ 4$%!:"+!/&5  2 )$!3
 !"#$%&' (&)*+,-*"./  01#&*
 !" #$%&' ()'*))% %)+ ,*%$-.&$/)0 1*23).4.05 67
 !"#$%  !" # $%&'()*+ ,*-./01.&23 4 51*+*'*1.&2*+ 6*-.7 '0 ()007* /10.
82 ')* 7%&'()*+ 6*-./01.&23 797'*.: ')* 7-'*;;&'* &7 *<=&55*+ %&') 70.*
+&1*('&02-; -2'*22-7 %)&() 50&2' '0 70.* 51*+*>2*+ +&1*('&027! ?)* 3-'*%-9
7%&'()*7 -.023 ')* +&@*1*2' -2'*22-7 6-7*+ 02 1*(*&A*+ 7&32-; -77*77.*2':
=7=-;;9 &2 '*1.7 0/ 1*(*&A*+ 50%*1! ?)-2B7 '0 &'7 )&3) +&1*('&A&'9 ()-1-('*C
1&7'&(: ')&7 '*()2&<=* &.510A*7 797'*. 5*1/01.-2(* (0.5-1*+ %&') - (02A*2C
'&02-; -2'*22-: 6=' ')* 2=;;&23 3-&2 &7 ;&.&'*+!
D&3=1*  !" 7)0%7 - 7%&'()*+ 6*-./01.&23 797'*.! E .-F01 5106;*. 0/
')* 7%&'()*+ 6*-./01.&23 797'*. &7 ')-' ')* 6*-.7 -1* 20' -+-5'&A* '0 ')*
;0(-'&027 0/ ')* $?7 0/ &2'*1*7' -2+ ')=7: ')* $?7 .-9 /-;; 0='7&+* ')* (*2'*1
0/ ')* .-&2 (011*7502+&23 6*-.7! G=* '0 ')&7 /-(': ')* $?7 .-9 1*(*&A* ;*77
50%*1 ')-2 ')* +*7&1*+ 02* -2+ 7=@*1 .01* /10. &2'*1/*1*2(* /10. 0')*1
=7*17!
 !"#$%&' ('")*+,)%-. /01$')
82 ')* -+-5'&A* 6*-./01.&23 797'*.: ')* 50%*1 '1-27.&''*+ 69 .=;'&5;*
6*-.7 (-2 6* -+F=7'*+ &2 1*-; '&.* -((01+&23 '0 ')* ()-23*7 &2 ')* *2A&102C
.*2'! ?)* 6*-./01.*1 (-2 -+F=7' ')* 3;06-; 1-+&-'&02 5-''*12 0/ .=;'&5;*
-2'*22-7 '0 .-H&.&I* &'7 3-&2 &2 ')* +*7&1*+ +&1*('&02 -2+ '0 .&2&.&I* ')*
&2'*1/*1*2(* /10. 0')*1 +&1*('&027! 82 7=() - %-9: ')* 7&32-; '0 &2'*1/*1*2(*C
5;=7C20&7*C1-'&0 J$8KLM (-2 6* &2(1*-7*+ 7&32&>(-2';9!
D&3=1*  !N 7)0%7 - (0.5-1&702 6*'%**2 - 7%&'()*+ 6*-./01.&23 797'*.
-2+ -2 -+-5'&A* 6*-./01.&23 797'*.! 82 ')* 7%&'()*+ 6*-./01.&23 797'*.:
')* $? 0/ &2'*1*7' .-9 20' /-;; &2 ')* +&1*('&02 0/ ')* .-&2 ;06* %)&() 7*1A*7
&' -2+ ')* &2'*1/*1&23 $?7 -1* 20' &2 - 2=;; 1-+&-'&02 +&1*('&02! ?)*1*/01*:
')* -()&*A*+ $8KL -' ')* $? (-2 6* +*31-+*+! O2 ')* (02'1-19: &2 ')*
-+-5'&A* 6*-./01.&23 797'*.: ')* .-&2 ;06* /0(=7*7 02 ')* $? 0/ &2'*1*7'
-2+ ')* &2'*1/*1&23 $?7 -1* ;0(-'*+ &2 - 50&2' 0/ 2=;; 01 -;.07' 2=;; 1-+&-'&02!
 ! "#$%&'( ) *$+,-(./012 "#$33'0-'4 $01 5.&67$&6.04
 !"#$%  !" # $%&'()*+ ,+&-./0-)12 3 $%&'()*+ (/ 41*)0/1-+1(
56+0+./0+7 (6+ &%&'()*+ 8+&-./0-)12 9:9(+- )-'0/*+9 (6+ 9:9(+- )1 (+0-
/. &;6)+*+% <=>? 20+&(@: ;/-'&0+% (/ (6+ 9A)(;6+% 8+&-./0-)12 9:9(+-!
 !" #$%&'(%) *+&)%%'&) +,- ./0)1+2) *&1+&)2')3
=1 ;B00+1( 9&(+@@)(+ 9:9(+-97 (6+ ;/*+0&2+ &0+& )9 B9B&@@: +1@)26(+1+% 8:
CD+% 8+&- 9'/(9! =1 (6)9 ;&9+7 (6+ A+)26(9 /. & 8+&-./0-)12 1+(A/0E F,G>H
&( (6+ 9&(+@@)(+ &1(+11&9 &0+ E+'( ;/19(&1(! =1 /0%+0 (/ E++' )1(+0.+0+1;+ .0/-
&%I&;+1( 8+&-9 @)-)(+%7 .0+JB+1;: 0+B9+ )9 /.(+1 &%/'(+%! $%I&;+1( 8+&-9
B9+ %)K+0+1( .0+JB+1;)+9!
G)2B0+  !L 96/A9 &1 +D&-'@+ /. 9B;6 & 9:9(+- A)(6 & .0+JB+1;: 0+B9+ .&;M
(/0 +JB&@9 (/  ! $0+&9 ;/*+0+% 8: %)K+0+1( .0+JB+1;)+9 &0+ 96/A1 )1 %)K+0+1(
;/@/09! $%I&;+1( &0+&9 B()@)N+ %)K+0+1( .0+JB+1;)+9! G0+JB+1;: O )9 &@@/;&(+%
(/ 8+&- O &1% L! <)1;+ (6+ (A/ 8+&-9 &0+ @/;&(+% .&0 &A&: .0/- +&;6 /(6+07
(6+ ;/M;6&11+@ )1(+0.+0+1;+ )9 @)-)(+%!
56+ CD+% 8+&-9 ;/*+0 & ;+0(&)1 &0+& &1% 2B&0&1(++ & -)1)-B- PB&@)(:
/. <+0*);+ FP/<H )1 9B;6 &1 &0+&! =1 (6)9 E)1% /. 9:9(+-7 )1 & ;+0(&)1 ()-+
9@/( &1% .0+JB+1;: 8&1%7 & 9)12@+ <5 @/;&(+% )1 ;+0(&)1 &0+& ;&1 8+ 9+0*+%!
=. (A/ /0 -/0+ B9+09 @/;&(+% )1 (6+ ;/*+0&2+ &0+& /. (6+ 9&-+ 8+&-9 A&1( (/
(0&19-)( &( (6+ 9&-+ ()-+ 9@/(7 /1@: /1+ B9+0 ;&1 8+ 9+0*+%! $9 & ;/19+JB+1;+7
A6+1 (6+ 1B-8+0 /. B9+09 (6&( 0+JB)0+ (0&19-)99)/1 )9 6)267 (6+ '/99)8)@)(:
/. /B(&2+ +*+1(9 )9 &@9/ 6)26! 56)9 )99B+ 9(0/12@: @)-)(9 (6+ ;&'&;)(: /. 9B;6
& CD+% 8+&-./0-)12 9:9(+-!
=1 & 4B0/'+&1 '0/I+;( .B1%+% 8: (6+ 4B0/'+&1 <'&;+ $2+1;: F4<$H7
&1/(6+0 CD+% 8+&-./0-)12 9:9(+- A&9 '0/'/9+% (/ +16&1;+ (6+ 9:9(+- ;&M
'&;)(: QRS! =1 (6)9 9:9(+-7 .0+JB+1;: 0+B9+ )9 &*/)%+% &1% &@@ (6+ 8+&-9 ;&1
8+ 9+0*+% 8: &@@ (6+ .0+JB+1;: ;&00)+09! 56+ A+)26(9 /. (6+ ,G> &0+ E+'(
 !" #$%&'(%) *+&)%%'&) +,- ./0)1+2) *&1+&)2')3 44
 !"#$%"$& '()*+*"$,- .+!/ $0* 1+*2(!3# #-#$*/4 (" $0(#  %#*4 5*%/# %+*  ,3#6
$*+*7 (" 8+!31# !. #*2*" %"7 $0* #(8"%,# %+* 9!("$,- 1+! *##*7 5!$0 (" $0*
.!+:%+7 %"7 $0* +*2*+#* ,(";& <" $0(# :%-4 $0* 8%$*:%- +* *(2*# /3,$(1,*  !6
1(*# !. *% 0 =>?# #(8"%,# .+!/ 7()*+*"$ %"$*""%# %"7 /3,$(3#*+ 7*$* $(!"
@AB'C (# 1*+.!+/*7 $!  %" *, ("$*+.*+*" * .+!/ !$0*+ =># (" $0* #%/*  ,3#6
$*+& =(/(,%+,- .!+ $0* .!+:%+7 ,(";4 DE*7 5*%/.!+/("8 (# 1*+.!+/*7 :($0("
 ,3#$*+#& >0(# %11+!% 0 *"%5,*# % 3"($ .+*F3*" - +*3#* :($0  !"#(7*+%5,* (/6
1+!2*/*"$ !. $0* #1* $+%, *G (*" -& H!:*2*+4 =># %$ $0* 5!+7*+ !. $0*  ,3#$*+
#3)*+# .+!/ ("$*+6 ,3#$*+ ("$*+.*+*" *&
 !"#$% I&J K L(E*7 5*%/.!+/*+ $!  !2*+ $0* #%$*,,($* %+*% M .+*F3*" - +*3#*
>0* /%(" 7+%:5% ; !. $0*#* ;("7# !. DE*7 5*%/.!+/("8 #-#$*/# ,(*#
!" $0*(+ ,% ; !. N*E(5(,($-& >0* 5*%/# %+* "!$ %7%1$(2* $! $0* ,! %$(!"# !.
$0* 3#*+#& >0*+*.!+*4 (" !+7*+ $! 83%+%"$** %  *+$%(" /("(/3/ O!=4 /!+*
$+%"#/(##(!" 1!:*+ (# "**7*74 :($0  !"#*F3*"$ +*73 $(!" !. *"*+8- *G (*" -&
>0%";# $! $0* (/1,*/*"$%$(!" !. %" %7%1$(2* PLQ4 $0* 5*%/#  %" 5*
7*#(8"*7 %  !+7("8 $! =>#? 1!#($(!"#& >0*(+ /%(" ,!5*# .! 3# !" $0* =>#& R% 0
5*%/ (# 7*#(8"*7 $! /%E(/(S* $0* 8%(" (" $0* 7(+* $(!" !. $0* 3#*+# :0(,* $0*
("$*+.*+*" * %)* $("8 !$0*+ =># (# /("(/(S*7& T!/1%+*7 :($0  !"2*"$(!"%,
DE*7 5*%/.!+/*+ #$+%$*8-4 %" %7%1$(2*  !2*+("8 #$+%$*8- (/1+!2*# #-#$*/
1*+.!+/%" * (" $*+/# !. #1* $+%, %"7 1!:*+ *G (*" -&
U77($(!"%,,-4 %" %7%1$(2* 5*%/.!+/*+  %" 5* 7*#(8"*7 $! /**$ % 8(2*"
3#*+?# O!= %"7 ($ 7!*# "!$ "**7 $! 83%+%"$** % /("(/3/ O!= (" %  *+$%("
 !2*+%8* %+*%& >0* $+%"#/($$*7 1!:*+ (# $%(,!+*7 $! $0* "**7# !. % 8(2*"
=> %"7 "!$ 5,("7,- 7*#(8"*7 .!+ % 0-1!$0*$( %, :!+#$  %#* #($3%$(!"& >0(#
7*$*+/("*# %" %77($(!"%, (/1+!2*/*"$ (" #1* $+%, *G (*" -&
L!+ $0* 7*#(8" !. %" %7%1$(2* 5*%/.!+/*+4 $0* ;"!:,*78* !. $0* T=< %$
$0* $+%"#/($$*+ (# %  +($( %, (##3*& >0* $+%"#/($$*+ 0%# $! 7*#(8" $0* 5*%/6
.!+/*+ !" $0* 5%#(# !. $0*  0%""*, #$%$*#&
<" $0(#  !"$+(53$(!"4 :* */1,!-* %" %7%1$(2* 5*%/.!+/("8 #$+%$*8- $!
 !2*+ $0* #%$*,,($* %+*%& >* 0"( %, 7*$%(,# %5!3$ %7%1$(2* 5*%/.!+/("8 7*#(8"
%+* 1+!2(7*7 (" T0%1$*+ V&
 ! "#$%&'( ! )$*+,(-./01 "#$22'/,'3 $/0 4-&56$&5-/3
 !" #$%&'%()* +,,-)./0-( 0( 123+
 ! "#!$%!&'#!() *+%, -%(./#0.'!1 2'&3 /0%45%!"6 0%57%8 /0%45%!"'%7 (0%
90%(77'1!%, &# -%(.7 (!, ( /0%45%!"6 -(!, '7 ())#"(&%, &# ( :; ,%9%!,'!1
#! '&7 9#7'&'#! (!, &3% "#00%79#!,'!1 "#$%0(1% -%(.< =#2%$%08 &3'7 ,#%7
!#& 3#), /#0 (! (,(9&'$% -%(./#0.'!1 767&%.< >0%45%!"6 0%57% -%"#.%7
( ?@A3(0, 90#-)%. 2'&3 3'13 "#.9)%+'&6< >0#. ( 90("&'"() 9#'!& #/ $'%28
'& '7 "05"'() &# 0%,5"% &3% "#.95&(&'#!() "#.9)%+'&6 23')% ("3'%$'!1 1##,
9%0/#0.(!"%< B% '!$%7&'1(&% &3% 90#-)%. #/ /0%45%!"6 ())#"(&'#! '! :CDE
'! F3(9&%0 G<
 !4 5.(6-7 +))%88 0( 1./%,,0/% 9-77'(0)./0-(
;3% 0(!,#. (""%77 "3(!!%) HIEF=J '7 2',%)6 57%, /#0 '!'&'() (""%77 #/
:;7 '! ( :: (!, 73#0& -507& &0(!7.'77'#!7< F500%!&)68 &3% .#7& #/&%! (,#9&%,
7"3%.%7 /#0 0(!,#. (""%77 "3(!!%) '! 7(&%))'&% "#..5!'"(&'#! (0% :)#&&%,A
E)#3( KLM KNM (!, C'$%07'&6A:)#&&%, E)#3( KOM KGM KPQM< >#0 -#&3 7"3%.%78 &'.%
'7 7&05"&50%, '! 7)#&7 (!, 76!"30#!'R(&'#! '7 0%45'0%,< :;7 &3(& ,%7'0% &#
"#..5!'"(&% %!&%0 '! &3% 767&%. -6 &0(!7.'&&'!1 &3%'0 0%45%7& #! ( IEF=
(& &3% -%1'!!'!1 #/ ( 7)#&<
 ! ( "#!$%!&'#!() *+%, -%(./#0.'!1 767&%.8 ( -%(. "(! 7599#0& ( 7'!1)%
:; 9%0 7)#& S =#2%$%08 '/ .#0% &3(! ( :; &0(!7.'& #! &3% 7(.% &'.% 7)#&8
( "#))'7'#! #""507 (!, !#!% #/ &3% &0(!7.'&&'!1 :;7 "(! -% ,%&%"&%, -6 &3%
767&%.< B3%! &3% !5.-%0 #/ :;7 &3(& 2(!& &# '!'&'(&% &0(!7.'77'#! '!"0%(7%78
&3% 9#77'-')'&6 #/ "#))'7'#!7 -##7&7 ,0(.(&'"())6< ;3% "#))','!1 :;7 3($% &#
0%9%(& &3%'0 &0(!7.'77'#! 5!&') &3%6 (0% 75""%77/5))6 ,%&%"&%,< ;3'7 .(6 )%(,
&# $%06 )(01% &0(!7.'77'#! ,%)(6 (!, 2(7&% #/ /0%45%!"6 -(!,< >50&3%0.#0%8
&3% 7'1!() /0#. %("3 -%(. '7 '!,%9%!,%!&)6 90#"%77%, (!, 79(&'() ,'$%07'&6
'7 !#& %+9)#'&%,<
 ! &3'7 2#0T8 2% "#!7',%0 &3% IEF= #/ ( .5)&'A-%(. 7(&%))'&% 767&%.
2'&3 5!'$%07() /0%45%!"6 0%57%< B% -%!%*& /0#. &3% 79(&'() ,'$%07'&6 (!,
7&0#!1 ,'0%"&'$'&6 #/ .5)&'9)% (!&%!!(7 (& ( 7(&%))'&% &# 0%7#)$% "#!&%!&'#!7
(!, 9%0/#0. "3(!!%) %7&'.(&'#!<  ! #&3%0 2#0,78 .5)&'9)% ,'0%"&'#!() (!&%!A
!(7 90#$',% (! 5!'45% U7'1!(&50%U &# %("3 :; &3(& '7 %+9)#'&%, /#0 .5)&'57%0
,%&%"&'#!8 '<%<8 "#!&%!&'#! 0%7#)5&'#!< ;3%0%/#0%8 ( /5!,(.%!&() 7&%9 #/ &3'7
&%"3!'45% 0%45'0%7 &3% %7&'.(&'#! #/ &3% 5!'45% 7'1!(&50% "3(0("&%0'R'!1 %("3
:;<
 !: ;.$/0., 9<.((%, 1/./% =(>-$7./0-( +)&'080/0-(
F: ("45'7'&'#! '7 ( "05"'() 90#-)%. '! &3% ,%7'1! #/ (,(9&'$% -%(./#0A
.'!1 767&%.7 (!, 7&0#!1)6 ,%9%!,7 #! "3(!!%) "3(0("&%0'7&'"7<
 !" #$%&'$( )*$++,( -&$&, .+/0%1$&'0+ 2345'6'&'0+ 78
 !"#$"%&!"'(  )* '+,-&.&%&!" +'" /$ '+0&$#$1 &" 1&2$3$"% 4'5.6 70$ 83.%
4'5 &. %! ($'3" 93!: %0$ 9$$1/'+; !9 %0$ 3$+$&#$36  )* &. $.%&:'%$1 '% %0$
3$+$&#$3 /'.$1 !" %0$ <&(!% .5:/!(.  !"#$"# '#'&('/($ '% %0$ 3$+$&#$3 =>>?@ =>A?@
=>B?@ =>C?6 D"!%0$3 '<<3!'+0 3$,-&3$. %0'% %0$ '..-:<%&!" !9 %0$ 3$+&<3!+&%5
!9 %0$ +0'""$( 0!(1. E *" %0&. +'.$@  )* &. $.%&:'%$1 '% %0$ %3'".:&%%$3 /5
-.&"F <&(!% .5:/!(. 40&+0 '3$ ' <3&!3& ;"!4" %! &%6
*" ' ))@ %0$ <3!<'F'%&!" +!$G+&$"%. #'35 #$35 3'<&1(5 '"1 %0$ <3!<'F'H
%&!" 1$('5 &" %0$ .'%$((&%$ +0'""$( &. #$35 (!"F6 70$"@ %0$ $.%&:'%&!" !9 %0$
&".%'"%'"$!-.  )* /$+!:$. !/.!($%$ #$35 ,-&+;(5 '"1 +'""!% /$ -.$1 9!3 %0$
1$.&F" !9 '1'<%&#$ /$':9!3:&"F6
*" %0$.$ +'.$.@ !%0$3 ;&"1. !9 &"9!3:'%&!"@ I9!3 $J':<($@ %0$ &"9!3:'%&!"
'/!-% .!:$ .(!4 #'35&"F <'3%. !9 %0$ +0'""$(K +'" /$ -.$1 &".%$'1 !9 %0$
&".%'"%'"$!-.  )*6 70&. <3!#&1$. ' <3'+%&+'( .!(-%&!"@ .&"+$ .-+0 &"9!3:'%&!"
+0'"F$. :!3$ .(!4(5 %0'" %0$ +0'""$( .%'%$6
*" ' +!::-"&+'%&!" .5.%$:@ <'3%&'(  )* +'" /$ $&%0$3 $.%&:'%$1 '% %0$
)7. '"1 9$1 /'+; %! %0$ F'%$4'5 !3 +'" /$ $.%&:'%$1 '% %0$ F'%$4'5 &9
+0'""$( 3$+&<3!+&%5 0!(1. I'% ($'.% 93!: ' .%'%&.%&+'( <!&"% !9 #&$4K6 70$
83.% '<<3!'+0 3$,-&3$. ' 9$$1/'+; +0'""$( '"1@ %0$3$9!3$@ 3$1-+$. .<$+%3'(
$G+&$"+56 *" %0&. +!"%3&/-%&!"@ 4$ '..-:$ %0'% +0'""$( 3$+&<3!+&%5 0!(1. 9!3
%0$ 1&3$+%&#&%5 #$+%!3.6 70$3$9!3$@ 4$ +'" $.%&:'%$ %0$ 1&3$+%&#&%5 #$+%!3.
'% %0$ F'%$4'5@ '"1 -.$ %0&. $.%&:'%$1 <'3%&'(  )* %! 1$.&F" %0$ '1'<%&#$
/$':9!3:$36
70$ '+,-&.&%&!" !9 .(!4H#'35&"F <'3%&'(  )* '% %0$ F'%$4'5@ 9!3 ' .'%$((&%$
.5.%$: 4&%0 :!/&($ )7.@ $,-&<<$1 $#$"%-'((5 4&%0 :-(%&<($ '"%$""'. '"1
%3'".:&%%&"F &" ($9% '"1 3&F0% <!('3&L'%&!"@ <3$.$"%. +!:<($%$(5 "$4 +0'(H
($"F$. +!:<'3$1 %! %0$ %0!3!-F0(5 .%-1&$1 8$(1 !9 .'%$((&%$ +0'""$( $.%&:'H
%&!" 8"'(&L$1 %! +!0$3$"% 1$%$+%&!" '"1 1$+!1&"F '% %0$ 3$+$&#$3 .&1$ '"1 &% &.
' +!:<($%$(5 -"$J<(!3$1 8$(16 M5 '..-:&"F %0'% %0$ .%'%&.%&+. !9 %0$ <3!<'F'H
%&!" +!$G+&$"%. '3$ '#'&('/($ '% %0$ F'%$4'5 '"1 9!((!4 %0$ :!1$( &" =>N?@ %0$
<'3%&'(  )* $.%&:'%&!" 3$1-+$. %! %0$ $.%&:'%&!" !9 %0$ .(!4 #'35&"F +!:H
<!"$"%.@ &6$@ %0$ 1&3$+%&#&%5 #$+%!3.6 O3!: ' .&F"'( <3!+$..&"F <$3.<$+%&#$@
%0&. &:<(&$. %0$ +0'(($"F&"F %'.; !9 $.%&:'%&"F <'3':$%$3. !/.$3#$1 %03!-F0
:-(%&<(&+'%&#$ "-&.'"+$6
70$ $.%&:'%&!" !9 %0$ 1&3$+%&#&%5 #$+%!3. &. &"%3&".&+'((5 %$%&#%' "6 P$
+!".&1$3 ' <'3':$%3&+ :!1$( !9 %0$ +0'""$( 40$3$ %0$ 1&3$+%&#&%5 #$+%!3 &.
<'3':$%3&+'((5 3$<3$.$"%$1 /5 ' (&"$'3 +!:/&"'%&!" !9 F&#$" ;"!4" 1&3$+%&#&%5
#$+%!3. I.$$ &" )$+%&!" N6>K '"1 %0$ #'35&"F <3!<'F'%&!" +!$G+&$"%. <('5 %0$
3!($ !9 :-(%&<(&+'%&#$ "-&.'"+$ <'3':$%$3.6
P$ <3$.$"% %0$ <3!<!.$1 '(F!3&%0:. &" 1$%'&( &"  0'<%$3 Q6
 ! "#$%&'( ) *$+,-(./012 "#$33'0-'4 $01 5.&67$&6.04
 !"#$%& '
 !"#$$%"#  &'"#( )*+#$
 ! "#$% &#'(")*+ "#) %,%")- -./)0 '/.(")/ $! 1'*"  $% $002%"*'")/3 4#)
5.*6'*/ '!/ *)7)*%) 0$!8 9)"6))! "#) :'")6',;%'")00$") '!/ "#) -.9$0) <4%
'*) -./)0)/3 = -./)0 5.* "#) (*.(':'"$.! &.-(.!)!"% .5 "#) &#'!!)0+ '
-./)0 5.* "#) &.**)0'"$.! .5 0)5" '!/ *$:#" (.0'*$>'"$.! &.-(.!)!"% '!/ '0%.
"#) /$*)&"$7$", -'"*$? .5 "#) %'")00$") '!")!!'% '*) /$%&2%%)/3
46. 52!/'-)!"'0 '%%2-("$.!% .5 "#) %,%")- -./)0 '*) -'/) "#*.2:#.2"
"#) 6#.0) 1'*"  @ A'B "#) *)&$(*.&$", (*$!&$(0) #.0/% 5.* "#) /$*)&"$7$", 7)&".*%
'!/ A9B "#) /$*)&"$7$", 7)&".*% '*) %29%"'!"$'00, $!/)()!/)!" .5 "#) 5*)C2)!&,
9'!/3 4#$% $-(0$)% "#'" .9%)*7'"$.!% .5 %$:!'0% '" "#) :'")6', *)&)$7)/ .!
"#) *'!/.- '&&)%% &#'!!)0 .* .! ' *)7)*%) 0$!8 &'! 9) &.!7)!$)!"0, )?(0.$")/
5.* "#) )%"$-'"$.! .5 /$*)&"$7$", 7)&".*% $! "#) 5.*6'*/ 0$!8 )7)! $! "#) &'%)
$! 6#$&# "#) 5.*6'*/ 0$!8 2%)% ' /$D)*)!" 5*)C2)!&, 9'!/3
E) &.!%$/)* '! <('"$'0 F$7$%$.! G20"$(0) =&&)%% A<FG=B 9'%)/ G GH
-.9$0) %'")00$") %,%")- AG<<B 6$"# 0'*:) !2-9)* .5 9)'-% '!/ 2%)*%3 4#)
%'")00$") ")*-$!'0% A<4B $! "#$% %,%")- '*) -.9$0) (#.!)% .* 0'(".(% .5 %-'00
%$>) '!/ )C2$(()/ 6$"# %-'00 '!")!!'%3 G20"$;2%)* /)")&"$.! AGIFB ")&#;
!.0.:, $% '/.(")/ '" "#) <4%3 E) '%%2-) "#'" "#) <4% "#'" 6'!" ". $!$"$'")
"#) "*'!%-$%%$.! '&&)%% ". "#) :'")6', "#*.2:# ' *'!/.- '&&)%% &#'!!)0 $!
' %0."")/ "$-) $!")*7'0 '!/ "#), '*) ()*5)&"0, %,!&#*.!$>)/3 4#), '**$7) '!/
0)'7) "#) %,%")- '&&.*/$!: ". ' 1.$%%.! 1*.&)%% JKLM3 N2*"#)*-.*)+ %,!&#*.!$;
>)/ "*'!%-$%%$.!% '*) '%%2-)/ O <4% %"'*" "#) "*'!%-$%%$.! '" "#) 9):$!!$!:
.5 ' "$-) %0." '!/ "#) %$:!'0% '*) *)&)$7)/ %,!&#*.!.2%0, '" "#) :'")6',3
=//$"$.!'00,+ /2*$!: "#) "*'!%-$%%$.!+ '00 "#) <4% '*) -.7$!:3 P.6)7)*+ 6)
'%%2-) "#) -.7)-)!"% .5 "#) <4% $!%$/) ' 9)'- '*) *)0'"$7)0, %0.6 6#)!
%))! 5*.- Q).%,!&#*.!.2% AQRHB %'")00$")%+ P$:#0, R00$("$&'0 H*9$" APRHB
%'")00$")% '!/ G)/$2- R'*"# H*9$" AGRHB JKSM JKTM %'")00$")%3
US
 ! "#$%&'( ) *$&'++,&' *-.&'/ 012'+
 !" #$%"&&'%" '# "()'**"+ ,'%! $-%"--$# ./ 0"12 &$13" #'4" '- .1+"1 %. 5.67
*"-#$%" /.1 %!" #6$&& $-%"--$# #'4" $% %!" 8 #9  !" #$%"&&'%" '# $&#. "()'**"+
,'%! $ :"$6/.16'-3 -"%,.1; <=>?@ ,!.#" ,"'3!%# 5$- :" )*+$%"+ $% !'3!
/1"()"-52 <'- %!" .1+"1 ./ #.6" #"5.-+# %. #)**.1% $+$*%'0" :"$6/.16'-3@9
 !$-;# %. %!" &$13" #'4" ./ $-%"--$# $0$'&$:&" $% %!" #$%"&&'%"A %!" :"$6/.16"1
!$# $ 0"12 #%1.-3 1$+'$%'.- *$%%"1-9
B# $&1"$+2 6"-%'.-"+ '- 8"5%'.- C9DA %!" 5!$--"& ./ %!" 6.:'&" 88 #2#%"6
'# 6.+"&"+ $# $ 6)&%'*&'5$%'.- ./ %!1"" +'E"1"-% 5.6*.-"-%#A -$6"&2
F9 +'1"5%'0'%2 0"5%.1 :"%,""- $ #$%"&&'%" %"16'-$& $-+ %!" #$%"&&'%" G
H9 *1.*$3$%'.- 5.6*.-"-% G
I9 5.11"&$%'.- 6$%1'J $% %!" 1"5"'0"19
K" +"#51':" %!"#" %!1"" 5.6*.-"-%# '- +"%$'& '- %!'# 5!$*%"19
 !'# 5!$*%"1 '# .13$-'4"+ $# /.&&.,# L 8"5%'.- M9F +"#51':"# %!" #$%"&&'%"
#2#%"6 6.+"& '- %!" /.1,$1+ &'-; G 8"5%'.- M9H '&&)#%1$%"# %!" #$%"&&'%" #2#%"6
6.+"& '- %!" 1"0"1#" &'-;9
 !" #$%&'%( )*+,
 ! "#$%  & '( )*!+,-($ # +#%(..,%( +/+%(0 )*!+,+%,!1 *2 # 1#%('#/& # 3(!%4
5,5( +#%(..,%( (67,55(- ',%8 N +#%(..,%( #!%(!!#+ 9:;< #!- K :=+> ?#)8
:= ,+ (!-*'(- ',%8 R #!%(!!#+> ;.. %8( #!%(!!#+ %$#!+0,% ,! .(2% #!- $,18%
5*.#$,@#%,*!+>
 ! %8( 2*$'#$- .,!A& %8( ,!2*$0#%,*! 3,%+ #$( (!)*-(- #% %8( 1#%('#/ %*
1(!($#%( %8( )8#!!(. +/03*.+> =8(!& %8( +/03*.+ #$( 2(- %* # 3(#02*$0($
!(%'*$A '8,)8 0*-7.#%(+ %8( %$#!+0,++,*! *2 (#)8 +/03*. *! -,B($(!% %$#!+4
0,% #!%(!!#+ %8$*718 '(,18%+ 5$*5($./ -(+,1!(-> =8( #,0 *2 %8( 3(#02*$0($
,+ %* 1(!($#%( %#,.*$(- 3(#0+ ,! %8( -,$()%,*! *2 %8( :=+ #+ ,..7+%$#%(- ,! :()4
%,*! C>D> E#%8(0#%,)#../& %8( 3(#02*$0($ ,+ 0*-(.(- 3/ #! 2N ×2K 0#%$,F
F ',%8 )*05.(F (.(0(!%+> =8( -,0(!+,*! 2N #))*7!%+ 2*$ %8( 2#)% %8#% (#)8
:; %$#!+0,%+ 2$*0 3*%8 .(2% #!- $,18% 5*.#$,@#%,*!+ #!- %8( -,0(!+,*! 2K
#))*7!%+ 2*$ %'* ,!-(5(!-(!% +%$(#0+ #$( %$#!+0,%%(- 2*$ (#)8 :=>  %+ *7%4
57%& ,>(>& %8( .,!(#$ )*03,!#%,*!+ *2 #.. %8( ,!57% +%$(#0+ '(,18%(- 3/ %8(
)*(G)(!%+ *2 %8( 3(#02*$0,!1 !(%'*$A+& ,+ %$#!+0,%%(- %8$*718 %8( -*'!4
.,!A )8#!!(. 3/ %8( N #!%(!!#+ #% %8( +#%(..,%(>  ! #! ,-(#. 3(#02*$0,!1
+/+%(0& %8( 3(#02*$0($ +,1!#. ,+ .,!(#$./ #05.,H(- #!- %$#!+0,%%(-> I*'(4
J($& %8( !*!.,!(#$ 3(8#J,*$ *2 %8( +,1!#. 5$*)(++,!1 -(J,)(+ #!- #05.,H($+
#% %8( +#%(..,%( ,!-7)(+ .,!(#$ -,+%*$%,*!+ )#..(- ,!%($0*-7.#%,*! *$ ,!%($0*4
-7.#%,*! -,+%*$%,*!+> =8,+ ,!%($0*-7.#%,*! -,+%*$%,*! ,+ 0*-(.(- #+ #--,%,J(
!*,+(> =8( 3(#02*$0(- +,1!#. ,05#,$(- 3/ #! #--,%,J( ,!%($0*-7.#%,*! !*,+(
,+ %$#!+0,%%(- 3/ %8( +#%(..,%( #!%(!!#+ 9:;< ,! .(2% #!- $,18% 5*.#$,@#%,*!+>
=8( %$#!+0,%%(- +,1!#. ,+ %8(! )*..()%(- 3/ %8( #!%(!!#+ *2 %8( K :=+ ,!
3*%8 5*.#$,@#%,*!+>
 !" #$%&'%( )*+, -.
 ! "#$$%!& '(&%))*&% '+'&%,'- &.% ".(!!%) /0$ ( '*!1)% "($$*%$ "(! 2% ,03
4%)%4 (' 5(& /(4*!16 7.% 4*'"$%&%3&*,% 2('%4 $%"%*8%4 '*1!() (& &*,% t *'
yf [t] =Hf [t](Fxf [t] + ef [t]) + nf [t] 9:6;<
=.%$% Hf [t] 4%!0&%' &.% 2KR× 2N &$(!'/%$ ,(&$*> 0/ &.% ".(!!%) 2%&=%%!
&.% ?7' (!4 &.% ?@'6 A*,%!'*0! 2KR (""0#!&' /0$ &=0 '&$%(,' /0$ R $%"%*8%
(!&%!!(' 0/ ()) ?7'- 4*,%!'*0! 2N (""0#!&' /0$ &.% )%/& (!4 $*1.& B0)($*C(3
&*0!' 0/ N ?@'6 F *' &.% 2N×2K 2%(,/0$,%$ ,(&$*>- xf [t] *' &.% 2K 8%"&0$
0/ &$(!',*&&%4 '+,20)' &$(!',*&&%4- &=0 '%D#%!"%' /0$ %(". ?7 E yf [t] *' &.%
2KR34*,%!'*0!() 8%"&0$ 0/ $%"%*8%4 '*1!()'- (!4 ef [t] *' &.% 2N 34*,%!'*0!()
8%"&0$ 0/ *!&%$,04#)(&*0! !0*'%6 F*!())+- nf [t] *' &.% 2KR34*,%!'*0!() 8%"&0$
0/ C%$0 ,%(! (44*&*8% G(#''*(! !0*'% =*&. 8($*(!"% σ2n. 7.% !0*'% *!4#"%4
2+ *!&%$,04#)(&*0!- ef [t]- *' $%)(&%4 &0 &.% &0&() B0=%$ 0/ &.% &$(!',*&&%4
'&$%(,' xf [t]6  & "(! 2% ,04%)%4 '&(&*'&*"())+ (' ( =.*&% G(#''*(! !0*'%- *6%6
e
f
i ∼ N(0, σ2ef )- =.%$%
σ2ef =
10−
(C/Im)moy
10
2N
E
{
xf [t]
H
xf [t]
}
.
(!4 (C/Im)moy *' &.% (8%$(1% '*1!() &0 *!&%$,04#)(&*0! !0*'% $(&*06 7+B*3
"())+- (C/Im)moy 8($*%' *! ( $(!1% 0/ ;:3;H4I- 4%B%!4*!1 0! &.% D#()*&+ 0/
&.% 0!320($4 %D#*B,%!&'6 7.*' ,%(!' &.(& &.% B0=%$ 0/ 8%"&0$ ef *' ;:3;H4I
*!/%$*0$ &0 &.% &0&() B0=%$ 0/ &.% &$(!',*&&%4 8%"&0$ xf 6
 ! 0#$ '+'&%,- &.% /0$=($4 )*!J ".(!!%) ,(&$*> "(! 2% =$*&&%! ('
Hf [t] = CfαP
f [t]Df [t], 9:6K<
=.%$% Cfα $%B$%'%!&' &.% 2KR×4KR "0$$%)(&*0! ,(&$*> (& &.% $%"%*8%$- P f
$%B$%'%!&' &.% 4KR× 2K B$0B(1(&*0! ,(&$*> 2%&=%%! &.% '(&%))*&% (!4 &.%
#'%$'6 Df $%B$%'%!&' &.% 2K × 2N 4*$%"&*8*&+ ,(&$*>6
F*!())+- &.% k3&. ?7 *' %D#*BB%4 =*&. ( )*!%($ ,#)&*#'%$ 4%&%"&0$ Mk
&0 4%&%"& &.% &$(!',*&&%4 8%"&0$ xk[t] *!&%!4%4 /0$ &.% k3&. ?7 /$0, &.%
$%"%*8%4 '*1!() yk[t]. @ 1$(B.*"() $%B$%'%!&(&*0! 0/ &.% '+'&%, ,04%) *! &.%
/0$=($4 )*!J *' B$%'%!&%4 *! F*1#$% :6;6
@' ()$%(4+ '&(&%4- &.% &$(!'/%$ ,(&$*> *! &.% /0$=($4 )*!J "(! 2% /("&0$*3
C%4 (' Hf = CfαP
fDf 6  ! &.% /0))0=*!1- =% 4%'"$*2% &.% B$0B%$&*%' 0/ Cfα-
P f (!4 Df - $%'B%"&*8%)+6
 !"!" #$%%&'()*$+ ,()%*- () ).& /&0&*1&%
7.% 2KR× 4KR "0$$%)(&*0! ,(&$*> Cfα (""0#!&' /0$ "0#B)*!1 %L%"&' 0/
(!&%!!(' (& &.% $%"%*8%$'- (!4 /0$ &.% "0$$%)(&*0! 0/ &.% &=0 B0)($*C(&*0!'6 M%
(''#,% &.(& &.% "0$$%)(&*0!' 0/ &.% $%"%*8%$ (!&%!!(' (& ( ?7 ($% *4%!&*"()
 ! "#$%&'( ) *$&'++,&' *-.&'/ 012'+
 !"#$%  !" # $%&'(()&' $*+&', -./'( )0 &1' 2.34%3/ 5)06
%0/ &1'3' )+ 0. 7.33'(%&).0 %,.08 %0&'00%+ 9'(.08)08 &. /):'3'0& $;! ;1<+=
Cfα )+ % /)%8.0%( 9(.76 ,%&3)>= 4)&1 )/'0&)7%( 9(.76+ Cαii .? +)@' 2R × 4R!
2<3&1'3,.3'= '%71 ()0' .? &1' 7.33'(%&).0 ,%&3)> Cαii )+ 0.3,%()@'/ &. 1%A'
<0)& 0.3,!
B0 '>%,C(' ?.3 Cαii 41'0 R = 2 )+
Cαii =

√
1− ε b 0 0 a√1− ε ab ab a√1− ε
0 0 b
√
1− ε a√1− ε ab ab a√1− ε
a
√
1− ε ab ab a√1− ε √1− ε b 0 0
a
√
1− ε ab ab a√1− ε 0 0 b √1− ε

41'3' b 3'C3'+'0&+ &1' )+.(%&).0 9'&4''0 &4. 73.++DC.(%3)@%&).0+ .? &1' +%,'
%0&'00% E a %77.<0&+ ?.3 &1' 73.++D7.33'(%&).0 9'&4''0 &4. /):'3'0& %0&'00%+
.? &1' +%,' $;! ;1' 7.'F7)'0&+ ε= a %0/ b %3' 0.3,%()@'/ )0 % 4%* &1%& '%71
3.4 .? Cαii 1%+ <0)& 23.9.'0)<+ 0.3,= )!'!=
(1 + 2a2)
√
1− ε+ b2 + 2a2b2 = 1.
G'07'= 4' 7%0 '%+)(* .9&%)0
ε = 1− 1− b
2 − 2a2b2
1 + 2a2
.
H' %++<,' &1%& Cαii )+ 60.40 &. &1' $;+ %0/ &1' 8%&'4%*!
 !" #$%&'%( )*+, -"
 !"!# $%&'()(*+&, -(*%+.
 !" #$%#&'&()%* +&($), P f )- & 4KR× 2K ./%01 2)&'%*&/ +&($),3 4)(!
K ./%01-3 &*2 "&0! ./%01 )- %5 -)6" 4R× 27  !" 0%"80)"*(- %5 (!" +&($), P fk
$"#$"-"*(- (!" #$%#&'&()%* /%--"- 9&(+%-#!"$)0 /%--"- &*2 -!&2%4)*': ."(;
4""* (!" -&("//)(" &*("**& &*2 k;(! < 7  !" -)6" 2 %5 "&0! ./%01 &00%=*(-
5%$ (!" > #%/&$)6&()%*-7
 !" +&($), P
f
k )- -($=0(=$"2 &-
P k =

P
k,(1)
rr 0
0 P
k,(1)
rl
P
k,(1)
lr 0
0 P
k,(1)
ll
7
7
7
7
7
7
P
k,(R)
rr 0
0 P
k,(R)
rl
P
k,(R)
lr 0
0 P
k,(R)
ll

4!"$" P
k,(ℓ)
x,y 3 ℓ = {1, ..., R}3 x, y = {l, r} 2"*%("- (!" #$%#&'&()%* /%-- %* (!"
-)'*&/ )* x #%/&$)6&()%* $"0")?"2 )* y #%/&$)6&()%* &( (!" l;(! &*("**& %5 (!"
k;(! < 7
@&0! #$%#&'&()%* +&($), P k )- -(&()-()0&//A )*2"#"*2"*( 5$%+ (!" %(!"$-7
<"?"$&/ +%2"/- !&?" .""* #$%#%-"2 5%$ (!" #$%#&'&()%* +&($), %5 &  !"#$%
< "B=)##"2 4)(! &$'#($% )*'%**)+7 C* D&$( C3 4!"* (!" '"*"$&()%* %5 #$%#&;
'&()%* +&($)0"- )- *"0"--&$A 5%$ -)+=/&()%*-3 4" &2%#( (!" <=$$"A +%2"/ EFGH7
<=$$"A +%2"/ )- & #!A-)0&/;-(&()-()0&/ +%2"/ %5 /&*2 +%.)/" -&("//)(" ICIJ
$&2)% #$%#&'&()%* 0!&**"/ #$%#%-"2 .A (!" K"*("$ 5%$ K%++=*)0&()%* <A-;
("+- L"-"&$0! &( (!" M*)?"$-)(A %5 <=$$"A7 C( #$%?)2"- (!" "+#)$)0&/ -(&()-()0-
%5 .%(! *&$$%4 &*2 4)2" .&*2 -&("//)(" ICIJ 0!&**"/-7 C( )- ?&/)2&("2 .A
(!" ",#"$)+"*(&/ +"&-=$"+"*(-7
 !"#$%& ' C* (!)- 4%$13 #* ',% -%.%-+% $#*/3 (!" 0!&$&0("$)-()0- %5 (!"
#$%#&'&()%* 0%"80)"*(- &$" *%( 0$)()0&/ 5%$ (!" 2)$"0()?)(A ?"0(%$- "-()+&;
()%*7 J* (!" 0%*($&$A3 )* (!" 5%$4&$2 /)*13 )* %$2"$ (% 2"-)'* (!" !"=$)-()0
."&+5%$+"$3 (!" -(&()-()0- %5 (!" #$%#&'&()%* 0%"80)"*(- &$" $"B=)$"27
 !"!/ 0+%12*+3+*4 5(*%+.
 !" 2)$"0()?)(A +&($), Df )* (!" 5%$4&$2 /)*1 #$%?)2"- & +&(!"+&()0&/
2"-0$)#()%* %5 (!" /)*1- ."(4""* (!" N ($&*-+)(()*' &*("**&- &( (!" -&("//)("
&*2 (!" K +%.)/" < -7  !" -)6" %5 Df )- 2K × 2N 7
 ! "#$%&'( ) *$&'++,&' *-.&'/ 012'+
−15 −10 −5 0 5 10 15 20 25
30
35
40
45
50
55
60
65
 !"#$%  !" # $%&'(()&' *+), )- ./+01%
23' ,)+'4&)5)&6 7%&+)8 )9 *)5'- :6
Df =

d11,rr d
1
1,lr · · · · · ·
d11,rl d
1
1,ll · · · · · ·
!
!
!
!
!
!
!
!
!
!
!
!
· · · · · · dKN,rr dKN,lr
· · · · · · dKN,rl dKN,ll,
 ; !<=
>3'+' dkn,rl +'1+'9'-&9 &3' ,)+'4&)5)&6 0? &3' n@&3 %-&'--% )- ('?& 10(%+)A%&)0-
)- &3' ,)+'4&)0- 0? &3' k@&3 $2 )- +)*3& 10(%+)A%&)0-! 23' 1%+%7'&'+ dkn,rr
+'1+'9'-&9 &3' ,)+'4&)5)&6 0? &3' &3' n@&3 %-&'--% )- +)*3& 10(%+)A%&)0- )-
,)+'4&)0- 0? &3' k@&3 $2 )- +)*3& 10(%+)A%&)0-! 23' '('7'-&9 dkn,lr %-, d
k
n,ll
%+' ,'B-', )- % 9)7)(%+ >%6! dkn,rl %-, d
k
n,lr %+' &3' ,)+'4&)5)&6 40710-'-&9
)- 4+099 10(%+)A%&)0-9 %-, dkn,rr %-, d
k
n,ll %+' &3' ,)+'4&)5)&6 40710-'-&9 )-
40@10(%+)A%&)0-! C- *'-'+%(D &3'9' 40'E4)'-&9 %+' 4071('8! C& )9 40770- &0
%99/7' dkn,rr = d
k
n,ll %-, d
k
n,rl = d
k
n,lr.
23' ,)+'4&)5)&6 7%&+)8 Df 4%- :' 40-5'-)'-&(6 9&+/4&/+', )- KN :(04F9
0? ?0+7
Df,kn =
(
dkn,rr d
k
n,lr
dkn,rl d
k
n,ll
)
=
(
df,kn,r
d
f,k
n,l
)
, ; !G=
 !" #$%&'%( )*+, -.
 !"#$%  !" # $%&'()%*%)+ ,%-'.& /-)'&012.)%1-
34'&' Df,kn 5'6(&%7'6 )4' 6).)%( 0.&) 18 )4' (4.--'2 7')3''- )4' k9)4 :;
.-5 )4' n9)4 :< .-5 dkn,o = (d
k
n,ro, d
k
n,lo) %6 )4' (1=01-'-) %- o9012.&%>.)%1-
.) .-)'--. n! ;4' 721(? (12@=- 18 6%>' 2 × 2N, Df,k = (Dk1,Dk2, . . .DkN )A
&'0&'6'-)6 )4' 5%&'()%*%)+ (1'B(%'-)6 18 )4' k9)4 :;!
;4' 5%&'()%*%)+ *'()1& (1&&'601-5%-C )1 . ('&).%- :; %6 5')'&=%-'5 7+
)31 8.()1&6 D )4' C'1C&.04%( 016%)%1- 18 )4' :; .-5 )4' (.&&%'& 8&'E@'-(+!
/-)'&'6)%-C2+A )4' 'F'()6 18 )4' (.&&%'& 8&'E@'-(+ 1- )4' 5%&'()%*%)+ *'()1&6
.&' =%-1& %- )4' &.-C' 18 8&'E@'-(%'6 @)%2%>'5 %- . 6.)'22%)' 6+6)'=A '!C!A %- G.
7.-5 1& G@ 7.-5! ;4'-A )4' *.&%.)%1-6 18 )4' 5%&'()%*%)+ (1'B(%'-)6 5@' )1
)4' 8&'E@'-(+ (.- 7' -'C2'()'5 %- . C%*'- 6.)'22%)' 6+6)'=! ;4%6 %=02%'6 )4.)
3' (.- 7'-'H) 8&1= 5%&'()%*%)+ &'(%0&1(%)+ 71)4 %- ;%=' .-5 I&'E@'-(+ $%*%9
6%1- $@02'J K;$$LI$$M =15'A .-5 -1) 1-2+ %- ;$$ =15'A .6 %- )'&&'6)&%.2
=17%2' (1==@-%(.)%1-6!
;4&1@C41@) N.&) / 18 )4%6 )4'6%6A 3' =.?' )4' 812213%-C )31 &'.2%6)%(
.66@=0)%1-6 D K.M )4' 5%&'()%*%)+ *'()1&6 18 61=' &'8'&'-(' :;6 %- . C&%5 .&'
?-13- .) )4' C.)'3.+! ;4' *.2@'6 18 &'.2%6)%( 5%&'()%*%)+ *'()1&6 81& . C&%5A
34%(4 (1*'&6 O@&10'A 4.*' 7''- 0&1*%5'5 7+ PQO: 81& )4' 6%=@2.)%1-6 %-
)4%6 )4'6%6! I1& '.(4 C&%5 01%-)A 5'H-'5 7+ %)6 2.)%)@5' .-5 21-C%)@5'A PQO:
0&1*%5'5 . 5%&'()%*%)+ *'()1& (1-6%6)%-C 18 )4' .=02%)@5' .-5 04.6' 18 )4' (19
012.&%>.)%1- .-5 (&1669012.&%>.)%1- (1'B(%'-)6 81& '.(4 :<! ;4' C&%5 .510)'5
7+ PQO: %6 6413- %- I%C@&'  !R!
S' 5'-1)' 7+ G )4' =.)&%J .*.%2.72' .) )4' C.)'3.+ .-5 (1-).%-%-C .22
)4' 5%&'()%*%)+ *'()1&6 18 )4' 01%-)6 %- )4' C&%5! ;4' )&.-6016' 18 =.)&%JG 4.6
. 721(? 6)&@()@&' 6%=%2.& )1 )4' 1-' 18 Df 3%)4 721(?6 Gkn 18 81&= K !TM U K7M
)4' 5%&'()%*%)+ *'()1& 18 . :; %- .- .&7%)&.&+ 016%)%1- (.- 7' 5')'&=%-'5 .6 .
  !"#$%&' ( )#%&**+%& ),-%&. /01&*
 !"#$%  !&'(")*(!" !+ *,$ -(.$ *(#(*/ #$ *!.0 )* 0!&$ 01..!1"-("2 .$+$.$" $
3!("*04 5!.$ 03$ (6 )77/8 7$* 10  !"0(-$. *,$ k9*, :; <(*,  !!.-(")*$0 Sk ≡
(Sx, Sy)4 =$* T -$"!*$0 *,$ 0$* !+ )77 )->) $"* *.(37$*0 τ !" *,$ .$+$.$" $
2.(- )"- 7$* Gτ(i) ≡ (aτ(i), bτ(i))8 <(*, i = 1, 2, 38 '$ *,$ *,.$$ "$).$0* )"-
)->) $"* .$+$.$" $ 3!("*0 01..!1"-("2 :; k. ;,$ 3!("* Sk  )" '$ $%3.$00$-
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Algorithm B: at 0th second
Algorithm B: after 30 seconds
Algorithm B: after 60 seconds
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Algorithm B: at 0th second, Perfect CSI
Algorithm B: at 0th second, training length=100 
Algorithm B: after 60 seconds, Perfect CSI
Algorithm B: after 60 seconds,  training length=100 
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Algorithm B: at 0 second
Algorithm B: after 60 second
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ĥ
k,(ℓ)
n,ll (q), ĥ
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RACH: GR with Random QPSK Signals, a=0,b=0
RACH: GR with Random QPSK Signals, a=−22dB,b=−15dB
RACH: SCC with Random QPSK Signals, a=0,b=0
RACH: SCC with Random QPSK Signals, a=−22dB,b=−15dB
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RACH: GR with Random QPSK Signals, a=−15dB,b=−22dB
RACH: GR with Random QPSK Signals, a=0,b=0
RACH: SCC with Random QPSK Signals, a=−15dB,b=−22dB
RACH: SCC with Random QPSK Signals, a=0,b=0
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RACH: SCC with Random QPSK Signals, L=160, U=50
RACH: SCC with Random QPSK Signals, L=200, U=50
RACH: SCC with  Orthogonal Signals, L=160, U=40
RACH: SCC with  Orthogonal Signals, L=200, U=50
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RACH: SCC with Random QPSK Signals, L=160, U=50
RACH: SCC with Random QPSK Signals, L=200, U=50
RACH: SCC with Orthogonal Signals, L=160, U=40
RACH: SCC with Orthogonal  Signals,L=200, U=50
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RACH: SCC  with Random QPSK Signals, L=160, U=50
RACH: SCC  with Random QPSK Signals, L=200, U=50
RACH:  SCC  with Orthogonal  Signals, L=160, U=40
RACH: SCC  with Orthogonal  Signals,L=200, U=50
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RACH: SCC  with QPSK Random Signals : K=25
RACH: SCC  with QPSK Random Signals : K=16
RACH: SCC  with QPSK Random Signals : K=9
RACH: SCC  with QPSK Random Signals : K=4
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QPSK Training, Training length=400, Groups=100
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Conventional Beamforming system: SINR max=9.51dB, SINR min=2.81dB SINR mean=6.17dB
Adaptive Beamforming system: SINR max=5.16dB, SINR min=3.33dB, SINR mean=4.13dB
Target SINR=2dB
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Adaptive Beamforming System: SINR max= 5.78dB, SINR min= 3.67dB, SINR mean= 4.78dB 
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• <- "$) k 1%$% !($ 5+20*!*+2 - #)+/ /*-*!" p(θ∼k | θk) !+ 6 ;$ 0$5*%*+2%  20
1#0 !$ *!% /$-*$,%  /+1! !($ 0*%!)*/1!*+2 +, +!($) #- "$)%7 !"#$%.
• = %!) !$>" 6 "  %%*>2 0*?$)$2!  5!*+2% !+ 0*?$)$2! !"#$%. @!) !$>*$%  )$ >*3$2
/"  6 ##*2> ,)+6 !($ !"#$ %# 5$ !+ !($  5!*+2 %# 5$& xk : Θk → Pk '*!(
$-$6$2!% xk(θk)
A, #- "$) k  0+#!% %!) !$>" xk& +!($) #- "$)% 1%$ !($ %!) !$>*$% x∼k  20 !($ !"#$
+, #- "$) k *% θk& /" ! ;*2> $B#$5! !*+2% +3$)  -- !"#$%  20 *!% 5+20*!*+2 - /$-*$,%
 /+1! +!($)%7 !"#$& !($ $B#$5!$0 1!*-*!" ,125!*+2 *% >*3$2 /"
Euk(xk | x∼k, θk) =
∑
θ∼k∈Θ∼k
uk(xk, x∼k(θ∼k), θk, θ∼k)p(θ∼k | θk) 4CD.D8
= E "$%* 2 F %( GH1*-*/)*16 *% %*6*- ) !+ !($ 5+25$#! +, FG *2  / %*5 %!) I
!$>*5 > 6$& '*!( !($ +2-" 0*?$)$25$ !( ! !($ #- "$)% 2$$0 !+ ! ;$ *2!+  55+12! !($
$B#$5! !*+2% +3$) +!($) #- "$)%7 !"#$%.
<(=21'1,2 ,9 >%?(+1%2 @%A( B%+$ CD-101E)1-A JKLM =2  5!*+2 #)+N-$
x∗(θ) = (x∗1(θ1), x
∗
2(θ2), ..., x
∗
K(θK)) *%  E "$%* 2 F %( GH1*-*/)*16 *,
Euk(x
∗
k | x∼k, θk) ≥ Euk(x
′
k | x−k, θk)
,+)  -- x
′
k(θk) ∈ Xk  20 ,+)  -- !($ !"#$% θk.
A! *%  -%+ ;2+'2 !( ! $3$)" N2*!$ E "$%* 2 O 6$ ( %  E "$%* 2 F %( GH1*-*I
/)*16 JKPM.
 !"# $%&'() *+,(-
Q$! 1% 5+2%*0$)  2 *2!$),$)$25$ 5( 22$- '*!( !'+ %+1)5$% S1, S2  20 !'+ 0$%!*2 I
!*+2% D1,D2. R($ !'+ %+1)5$% !) 2%6*! *20$#$20$2! *2,+)6 !*+2  20 %+1)5$ Si  *6%
 ! 5+6612*5 !*2> '*!( 0$%!*2 !*+2 Di, ,+) i = 1, 2. S$  %%16$ !( ! !($ 5( 22$- *%
/-+5; , 0*2>& *.$. !($ 5( 22$- > *2% +,  -- !($ -*2;%  )$ 5+2%! 2! *2 !($ !*6$I,) 6$
+,  5+0$'+)0 /1!  )$ *20$#$20$2!  20 *0$2!*5 --" 0*%!)*/1!$0 ,)+6 5+0$'+)0 !+
5+0$'+)0. F+!$ !( ! !($%$ 5( 22$-%  )$ +,!$2 )$,$))$0 !+  % H1 %*%! !*5 5( 22$-% +)
 % 5( 22$-% '*!( 0$- "I-*6*!$0 5 # 5*!" JKKM. S$ 0$2+!$ /" gi, i = 1, 2 !($ 5( 22$-
#+'$) > *2% +, !($ 0*)$5! -*2;% S1−D1  20 S2−D2  20 /" h12  20 h21 !($ 5( 22$-
#+'$) > *2% +, !($ *2!$),$)*2> -*2;% S1 − D2  20 S2 − D1. =-- !($ 5( 22$- > *2%
, 0$ *20$#$20$2!-" %15( !( ! !($ 5( 22$- #+'$) > *2 %! !*%!*5%  )$ 5+6#-$!$-" 0$I
!$)6*2$0 /" 6 )>*2 - 0*%!)*/1!*+2%. G 5( %+1)5$ !) 2%6*!% +2-" #)*3 !$ *2,+)6 !*+2
!( ! 5 2 /$ 0$5+0$0 +2-" /" *!% ! )>$!$0 0$%!*2 !*+2& +) $H1*3 -$2!-"& $ 5( )$5$*3$)
#$),+)6% %*2>-$ 1%$) 0$5+0*2>. =00*!*+2 --"& $ 5( %+1)5$ ;2+'% !($ )$ -*T !*+2% +,
/+!( 0*)$5! -*2;% g1  20 g2 /1! 2+! !($ )$ -*T !*+2% +, !($ #+'$) > *2% h12  20
h21 ,+) !($ *2!$),$)*2> -*2;%. R(*% 5+))$%#+20% !+  !"#*5 - %*!1 !*+2 4$.>. *2 5$--1- )
%"%!$6%8 '($)$ !($ )$5$*3$)% $%!*6 !$ +2-" !($ 5( 22$- > *2% +, !($ 0*)$5! -*2;%  20
,$$0 !($6 / 5; !+ !($ !) 2%6*!!$)& /1! 2$>-$5! *2!$),$)*2> -*2;%. R()+1>(+1! !(*%
'+); '$ 6 ;$ !($  00*!*+2 -  %%16#!*+2 !( ! !($ #+'$) > *2% +, !($ *2!$),$)*2>
-*2;%  )$ : "-$*>( 0*%!)*/1!$0& *.$. !($*) #)+/ /*-*!" 0$2%*!" ,125!*+2 *% >*3$2 /"
 !"# $%&'()* +,-,)*).,  /0
γHij (hij) =
1
σ2
ij
e
−
hij
σ2
ij .  !"#$%"&'"%( #$%)% )#*#+)#+,) *"% -.'/. #' 0'#$ )'!",%)1 2#
#$% "%,%+3%" #$% ,$*..%4 +) +&5*+"%6 07 *66+#+3% 8*!))+*. .'+)% /+#$ 3*"+*.,% N0.
 !"# $%&'()* +,-,)*).,
 !"#$%! &' ()! *#+(,#- ./&0-!12! &' ()! ")#//!- 34 ()! %&$+"!% #/1 ()! #%%$5*6
(,&/ &' 3-&". '#1,/27 +!-,#3-! "&55$/,"#(,&/%7 ,8!8 0,() !++&+ *+&3#3,-,(4 #+3,(+#+,-4
%5#--7 #+! /&( '!#%,3-! 9!8287 %!! :;<=> #/1 &$(#2! !?!/(% 5#4 )#**!/8 @' ()! %&$+"! i
(+#/%5,(% #( # "!+(#,/ +#(!7 !A*+!%%!1 ,/ /#(B%!"7 0,() "&/%(#/( (+#/%5,((!1 *&0!+
Pi, #/ &$(#2! !?!/( )#**!/% ,'
 
Ri > log
(
1 +
Pigi
N0 + Pjhji
)
, i, j = 1, 2 0,() i 6= j, 9CD8E>
#/1 ()! &$(#2! *+&3#3,-,(4 &' %&$+"! i 1!*!/1% &/ ()! ")&,"! &' Ri, Pi #/1 Pj . F!
1!G/! ()! ()+&$2)*$( #% ()!  !"# $" %&'(#) *%(& +(##"+*,- #"+"%!". /- *0" ."1*%& 2
*%(&8 H)!/7 ()! ()+&$2)*$( ,% 2,?!/ 34
Ti(Pi, Ri, Pj) = RiPr
{
Ri ≤ log
(
1 +
Pigi
N0 + Pjhji
)}
9CD8I>
0)!+! i, j = 1, 2 0,() i 6= j7 #/1 Pr{E} 1!/&(!% ()! *+&3#3,-,(4 &' ()! !?!/( E.
H)! (0& %&$+"!% /!!1 (& 1!(!+5,/! #$(&/&5&$%-4 #/1 ,/ # 1!"!/(+#-,J!1 5#//!+
()! (+#/%5,((,/2 *&0!+ Pi #/17 !?!/($#--4 #-%& ()! +#(! Ri8 K /#($+#- "+,(!+,&/ ,% (&
#--&"#(! %$") +!%&$+"!% ,/ &+1!+ (& 5#A,5,J! ()! ()+&$2)*$( 0),-! .!!*,/2 *&0!+
"&/%$5*(,&/ 5&1!+#(!8 H)!/7 0! 1!G/! ()! &3L!"(,?! '$/"(,&/ '&+ %&$+"! Si #%
ui((Pi, Ri), (Pj , Rj)) = Ti(Pi, Ri, Pj)− CiPi 9CD8M>
0)!+! Ci ,% ()! "&%( '&+ $/,( *&0!+8
 4 5#.,/2 $%! &' ()! #%%$5*(,&/ &/ ()! *&0!+ 2#,/ 1,%(+,3$(,&/% &' ()! ,/(!+6
'!+,/2 -,/.%7 ()! $(,-,(4 &' Si ,% 2,?!/ 34
ui((Ri, Pi), (Rj , Pj))
= RiPr
{
Ri ≤ log
(
1 +
Pigi
N0 + Pjhji
)}
− CiPi
=

Ri
(
1− exp
(
− ti
Pjσ
2
ij
))
−CiPi, {Pj > 0, Pi, Ri ≥ 0};
0, {Pj > 0, Pi = Ri = 0};
Ri − CiPi, {Pj = 0, Ri ≥ 0, Pi ≥ (e
Ri−1)N0
gi
};
−CiPi, {Pj = 0, Ri, Pi ≥ 0, Pi ≤ (e
Ri−1)N0
gi
};
=

RiFi(ti)− CiPi, {Pj > 0, Ri ≥ 0} \ {Pi = Ri = 0};
0, {Pj > 0, Pi = Ri = 0};
Ri − CiPi, {Pj = 0, Ri ≥ 0, Pi ≥ (e
Ri−1)N0
gi
};
−CiPi, {Pj = 0, Ri, Pi ≥ 0, Pi ≤ (e
Ri−1)N0
gi
};
9CD8;>
 ! "# $%&'( ()# *&($(+&* log ,&- *$(.-$/ /&0$-+()12 $*% -$(#2 $-# #3'-#22#% +* *$(42#5!
 !"#$%&'()  * +(,-.)/( 011-/%'2-3 23 41-5 6%7238 93'():()238 #$%33(1, 52'$ ;%)'2%1 <3-51(78( -: '$( #$%33(1,
 !"#" ti =
Pigi
eRi−1
− N0 $%& Fi(ti) = 1 − exp
(
− ti
Pjσ
2
ij
)
$%& Ci '( )!" *+() +, -%')
.+ "# /0 -("# i1
2" ()-&0 )!" #"(+-#*" $33+*$)'+% .#+/3"4 /0 ) + &'5"#"%) *#')"#'$1 6% )!" +.)'7
4'8$)'+% $..#+$*!9 )!" )#$%(4'))"#( *++."#$)" )+ 4$:'4'8" $ ;3+/$3 -)'3')0 ,-%*)'+%
$**+-%)'%; ,+# )!" )+)$3 )!#+-;!.-) $%& )!" *+()( &-" )+ )#$%(4'(('+%( <
u(P1, R1, P2, R2) = u1((P1, R1), (P2, R2)) + u2((P2, R2), (P1, R1)). =>?1@A
B+)" )!$) '% )!'( *$(" )!" *+()( C1 $%& C2 *$% /" '%)"#.#")"& $( )!" C$;#$%;'$%
4-3)'.3'"#( +, *+%()#$'%)( +% )!" $D"#$;" )#$%(4'))"& .+ "#( P1 $%& P2. E!"%9
)!" -)'3')0 ,-%*)'+% =>?1@A *+##"(.+%&( )+ )!" &-$3 ,-%*)'+% = "1;1 ("" FGHIA +, $
*+%()#$'%"& +.)'4'8$)'+% .#+/3"4  ')! +/J"*)'D" ,-%*)'+%
T (P1, R1, P2, R2) = T1(P1, R1, P2) + T2(P2, R2, P1). =>?1KA
L3)"#%$)'D"309  " '%D"()';$)" )!" *$(" $( )!" (+-#*"( S1 $%& S2 $#" #$)'+%$3
$%& ("3M(! $%& $33+*$)" )!"'# .+ "#( $%&9 "D"%)-$3309 )!"'# #$)"( )+ 4$:'4'8" )!"'#
+ % -)'3')0 ,-%*)'+%(1 6% )!'( *$(" )!" .#+/3"4 ,$33( %$)-#$330 '%)+ )!" ,#$4" +#N
+, *+4.")')'D" ;$4"(1 E!" +/J"*)'D" +, (+-#*" Si '( )+ &")"#4'%" )!" )#$%(4') .+7
 "# Pi, $%& "D"%)-$330 )!" #$)" Ri, )!$) ("3M(!30 4$:'4'8"( ')( -)'3')0 ,-%*)'+%
ui((Pi, Ri), (Pj , Rj)) -%&"# )!" $((-4.)'+% )!$) $ ('4'3$# ()#$)";0 '( $&+.)"& /0
)!" +)!"# (+-#*"1
 !"# $%&'()'('%*' +,-' ).( /.0'( 122.*,&3.%
6% )!'( ("*)'+%  " $((-4" )!$) )!" #$)"( R1 $%& R2 $#" $((';%"& )+ )!" (+-#*"
$%& &"M%" )!" .+ "# $33+*$)'+% .#+/3"4 $( $ ()#$)";'* ;$4" GP &"M%"& /0 )!" )#'.3"){
S,P, (ui)i∈S
}
9  !"#" S = {S1, S2} '( )!" (") +, .3$0"#( +# (+-#*"(9 P #".#"("%)( )!"
(") +, ()#$)";'"(9 $%& ui '( )!" -)'3')0 ,-%*)'+% +, (+-#*" Si1 E!" (") +, ()#$)";'"(
'( P = R+ × R+,  !"#" R+ '( )!" (") +, %+%%";$)'D" #"$3 %-4/"#(1 B+)" )!$) '%
)!'( *$(" Ri $%& Rj %""& /" '%)"#.#")"& $( .$#$4")"#( +, )!" -)'3')0 ,-%*)'+% =>?1OA
#$)!"# )!$% $( D$#'$/3"(1 P-#)!"#4+#"9  " $((-4" )!$) Ri 6= 0 ,+# i = 1, 2 +)!"# '("
)!" ;$4" /"*+4"( )#'D'$31 E!" &"M%')'+% +, )!" ;$4" &"."%&( +% )!" *+()( C1 $%&
C2 D'$ )!" -)'3')'"( '% =>?1OA1 2!"% *+%D"%'"%)9 ,+# )!" ($N" +, *+4.#"!"%('+%  "
":.#"(( )!'( &"."%&"%*0 ":.3'*')30 D'$ )!" %+)$)'+% GP(C1, C2).
2" (!$33 3++N ,+# $ B$(! "Q-'3'/#'-49 )!$) '(9 $ ()#$)";0 (P ∗1 , P
∗
2 ) ∈ P (-*! )!$)
,+# $%0 (P1, P2) ∈ P9
u1((R1, P1), (R2, P
∗
2 )) ≤ u1((R1, P ∗1 ), (R2, P ∗2 )),
u2((R2, P2), (R1, P
∗
1 )) ≤ u2((R2, P ∗2 ), (R1, P ∗1 )).
E!" ":'()"%*" +, B$(! "Q-'3'/#'$ ,+# ;$4" GP '( "()$/3'(!"& '% )!" ,+33+ '%;
.#+.+(')'+%1
;)-&-,2'2-3  =  !"#$ %&'()(*+(', -. /$% 0",% GP %1(#/# (2 "23 4)-#%5 (2/%+6")
"25 (/ (# " 71%5 8-(2/ -. /$% %&'"/(-2
ρ((P ∗1 , P
∗
2 ), (P
∗
1 , P
∗
2 );R1, R2) =
max
(π1,π2)∈P
ρ((P ∗1 , P
∗
2 ), (π1, π2);R1, R2) =>?1RA
 !"# $%&'()'('%*' +,-' ).( /.0'( 122.*,&3.%  4#
 !"#$
ρ((P1, P2), (π1, π2);R1, R2) =
u1((R1, π1), (R2, P2)) + u2((R2, π2), (R1, P1)).  !"#!$%
%&''( ) &' ()*+(, *-.*
∂2ui
∂P 2i
= − Rig
2
i
P 2j σ
4
ji(e
Ri − 1)2 exp
(
− ti
Pjσ2ji
)
 !"#!!%
+/ (0,.*+10 0102'3-020 +( P, +( .(' 45)/06 .(6 4)(107 /0* )8 P *-0 .9)10 60:(06
,.;0 +/ .( N <4)(4.10 ,.;0 ./ 60:(06 +( =>"?# @-0(A @-0)20; ! +( =>"? ,B.2.(*00/
*-0 07+/*0(40 )8 . C./- 0DB+5+92+B; +( .(' 45)/06 .(6 4)(107 /0* )8 P. 
@-0 C./- 0DB+5+92+. )8 *-0 ,.;0 GP (006 *) /.*+/8' *-0 /'/*0; )8 0DB.*+)(/
∂ui
∂Pi
= − Ri
Pjσ2ji
F ′(ti)− Ci = 0 i, j ∈ {1, 2}, i 6= j.  !"#!"%
E2);  !"#!"% +* +/ /*2.+,-*8)23.26 *) 07F20// Pi ./ . 8B(4*+)( )8 Pj A *-0 /*2.*0,' )8
*-0 )*-02 4);F0*+(, ()60 Sj A
Pi = pi(Pj)
def
=
(eRi − 1)
gi
(
N0 − σ2jiPj log
(
Ci(e
Ri − 1)σ2jiPj
Rigi
))
 !"#!G%
3+*- i, j = 1, 2 .(6 i 6= j. @-+/ 8B(4*+)( pi(Pj) F2)1+60/ *-0 90/* /*2.*0,' *-.* ()60
Si 4.( .FF5' 3-0( ()60 Sj .6)F*/ *-0 /*2.*0,' Pj , .(6 +* +/ /-)2*5' 20802206 *) ./ 90/*
20/F)(/0 )8 ()60 Si *) ()60 Sj . @-0 F5)* )8 *-0/0 4B210/ )( *-0 F5.(0 P1−P2 .6;+*/
+(*020/*+(, +(*02F20*.*+)(# @-0 F)+(*/ 3-020 *-0 *3) 4B210/ +(*02/04* 4)220/F)(6 *)
C./- 0DB+5+92+.# H66+*+)(.55'A +* F2)1+60/ +(8)2;.*+)( )( *-0 4)(102,0(40 )8 . 90/*
20/F)(/0 .5,)2+*-;#
@-0 .(.5'/+/ )8 *-0 90/* 20/F)(/0 .5,)2+*-; '+056/ *) *-0 8)55)3+(, F2)F)/+*+)(
4-.2.4*02+I+(, *-0 /0* )8 C./- 0DB+5+92+.#
/(.5.63&3.% !" *+! ,-&.-!$"/ $.0! GP 0"$+- +.1! .- 0',- -+&!! 2.,+ !34"5" &".
"# -+! "#-!&1.5 [0, PN1 ]× [0, PN2 ],  !"#$ PNi = N0gi (eRi − 1) +
Ri
Cie
6
%&''( ) C)*0 *-.* *-0 90/* 20/F)(/0 Pi +(  !"#!G% +/ 60:(06 8)2 Pj = [0, P j)
3-020 P j +/ *-0 F)+(* *-0 90/* 20/F)(/0  !"#!G% )8 Si *) Pj 42)//0/ Pi = 0, +#0#A +* +/
*-0 /)5B*+)( *)
σ2jiPj log
(
Ci(e
Ri − 1)σ2jiPj
Rigi
)
= N0.
J)B240 Si 20/F)(6/ 3+*- *-0 F)302 .55)4.*+)( P

i =
eRi−1
gi
N0 *) *-0 /*2.*0,' Pj = 0
)8 /)B240 j .(6 3+*- Pi = 0 *) Pj = P j . K* +/ +(420./+(, +( *-0 +(*021.5 [0, Pj) =[
0, Rigie
−1
Ciσ
2
ji
(eRi−1)
)
, 3+*- ;.7+;B; PNi =
N0
gi
(eRi − 1) + Ri
Cie
, 60420./+(, 05/03-020A
.(6 4)(4.10 0102'3-020# &./06 )( *-+/ .(.5'/+/ *-0/0 ,.;0/ ;+,-* -.10 .* ;)/*
*-200 C./- 0DB+5+92+. ./ .FF.20(* 82); E+,B20 !"#!# 
E+,B20/ !"#!# .%A !"#!# 9%A !"#!# 4% /-)3 *-0 90/* 20/F)(/0/  !"#!G% 8)2 *-0 /)B240/
+( *-0 (P1, P2)<F5.(0 +( *-0 4./0/ )8 *-200A *3)A .(6 )(0 C./- 0DB+5+92+.A 20/F04*+105'#
 !!"#$%&'(  ) *'+,-(.' /00,.$&1,2 12 30,4 5$6127 82&'(9'(127 "#$22'0+ 41&# :$(&1$0 ;2,40'67' ,9 &#' "#$22'0+
P2
 !
 !
 !
P1
"#$% &#$'()$# S2 %( S1PN2
P02
P1 P
N
1
"#$% &#$'()$# S1 %( S2
P01
P2
 !"
 !
P01
 !
P1
"#$% &#$'()$# S2 %( S1PN2
P02
"#$% &#$'()$# S1 %( S2
P2
P2
PN1P1
 #"
"#$% &#$'()$# S2 %( S1
P1
P2
P02
PN1 P1P
0
1
PN2
P2
 !
"#$% &#$'()$# S1 %( S2
 $"
 !"#$% %&'% ( )*++,#-. /!+0 .12,-,#3,24 +.5 6*3 7!4. GP
0 0.002 0.004 0.006 0.008 0.01 0.012 0.014 0.016 0.018
0
0.002
0.004
0.006
0.008
0.01
0.012
0.014
0.016
P
1
P
2
C
1
=C
2
=10,σ
12
2
=σ
21
2
=1,N
0
=0.01,g
1
=g
2
=0.1
Best response for P
1
Best response for P
2
 !"#$% %&'& ( 89!4:-. *6 ! +;+5.4 <,50 503.. /!+0 .12,-,#3,!
 !"# $%&'()'('%*' +,-' ).( /.0'( 122.*,&3.%  45
 !"#$% &'(' )*+,) -*% .%)- $%)/+0)%) +1 2 )3)-%4 ,!-* 4+$% -*20 2 52)* %6#!7!8
.$!#4 209 -*% 1+77+,!0" )%--!0" : R1 = 0.1, R2 = 0.1, C1 = 10 C2 = 10, g1 = 0.1,
g2 = 0.1, σ
2
12 = 1, σ
2
21 = 1, 209 N0 = 0.01.
 $+4  !"#$% &'(' ,% ;20 !9%0-!13 -*% 1+77+,!0" /+!0-) ,*!;* 2$% %2)3 -+ 9%-%$8
4!0% 209 *2<% )+4% !0-%$%)-!0" 1%2-#$%) :
• =*% 4!0!4#4 -$20)4!--%9 /+,%$ P 1>P 2 1$+4 0+9% S1>S2 )#;* -*2- -*%
.%)- $%)/+0)% 1$+4 )+#$;% S2>S1 ;+$$%)/+09) -+ 2.)%0;% +1 -$20)4!))!+0? !(%(
p2(P 1) = 0 >p1(P 2) = 0. @#;* /+!0-) (P 1, 0) 209 (0, P 2) 2$% +.-2!0%9 2)
)+7#-!+0 -+ -*% %6#2-!+0)
σ212P 1 log
(
C2(e
R2 − 1)σ212P 1
g2R2
)
= N0 A&'(&BC
209
σ221P 2 log
(
C1(e
R1 − 1)σ221P 2
g1R1
)
= N0 A&'(&DC
$%)/%;-!<%73(
• =*% /+!0-) ;+$$%)/+09!0" -+ -*% 42E!42 +1 -*% .%)- $%)/+0)%) p1(P2) 209
p2(P1), !(%(
(PN1 , P
o
2 ) =
(
N0
g1
(eR1 − 1) + R1
C1e
,
g1R1
C1eσ221(e
R1 − 1)
)
A&'(&FC
209
(P o1 , P
N
2 , ) =
(
g2R2
C2eσ212(e
R2 − 1), N0
g2
(eR2 − 1) + R2
C2e
)
, A&'(&GC
$%)/%;-!<%73(
=*% ;*2$2;-%$!)-!;) +1 -*% 52)* %6#!7!.$!#4 )%- 2$% +1 /$!42$3 $%7%<20;% -+
/$%9!;- -*% +#-/#- +1 2 "24%( =*% #0!6#%0%)) +1 2 52)* %6#!7!.$!#4 !) 20 2//%27!0"
/$+/%$-3 1+$ 20 #0;++$9!02-%9 )3)-%4( H0 -*% 1+77+,!0" /$+/+)!-!+0 ,% /$+<!9%
)#I;!%0- ;+09!-!+0) 1+$ -*% #0!6#%0%)) +1 -*% 52)* %6#!7!.$!#4(
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gj
Cjxjσ
2
ij
# >9
7631 6. 923 6.93(B-7
(
0, R(xj)
)
-./ <3 (3;3( 9) 69 -1 923 70-. "0-<!%-0 ,% .0"9-
! "4.0 ); ?7-@3( j 9) 19(-93=@ Pi ); ?7-@3( i# L6*67-(7@, κjf(xj) 61 6.B3(13
?()?)(96).-7 9) 923 70-. "0-<!%-0 ,% .0"9- ! <!C0" ); 513( j 9) 923 19(-93=@
Pi ); 691 )??).3.9#
• >.93(3196.=7@, 923 1)7596). (x01, x02) 9) 1@193* (12.40) /3?3./1 ). 923 1@193*
?-(-*393(1 ).7@ 92()5=2 923 E).19-.91 κ1 -./ κ2#
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Approximation R
i
=0.8 log(x
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 !"#$%  !"# $ %&'( )&'*+,'& R∗(xi) +- .'&) i (+ (/& ()0,'12((&3 *+4&)
Pj =
gi
xiσjiCi
2, '+523 52,& 0,3 2(' 0**)+6210(2+, 0.8logxi 2, 30'/&3 52,&"
•  !" "#$%&"'(" )'* +'$,+"'"%% -. ) /)%! ",+$0$12$+3 .-2 &!" (0)%% -. %4%&"3%
(-'%$*"2"* $' 52-6-%$&$-' 7 2"*+("% &- &!" )')04%$% -. &!" %-0+&$-' -. %4%&"3
(12.40) )'* *"6"'*% -' &!" %4%&"3 8$) κ1 )'* κ29
•  !" %-0+&$-' &- (12.42) ()' 1" ":"(&$8"04 )662-#$3)&"* 14 R(x) ≈ 0.8 log(x)9
 !"'; &!" .+'(&$-' f(x) $% )662-#$3)&"* 14
f˜(x) =
(
1− e
0.8 log(x) − 1
x0.8 log(x)
)−1 (
1− e−0.8 log(x)
)−1
. <=>9?@A
B' C$D+2" =>9?; f(x) $% 60-&&"* )'* (-36)2"* &- $&% )662-#$3)&$-' f˜(x).  !"
)662-#$3)&$-' f˜(x) 3)&(!"% )03-%& 6"2."(&04 f(x) $' ) E)4 &!)& $& ()' 1"
+&$0$F"* "G($"'&04 .-2 62)(&$()0 )'* )')04&$()0 -1H"(&$8"%9
 !" .-00-E$'D 62-6-%$&$-' 62-8$*"% %+G($"'& (-'*$&$-'% .-2 &!" "#$%&"'(" -. )
/)%! ",+$0$12$+39
2(/:/.1&1/% 8"  !"# $!" #%&'" ()*&)#+" &' #",-&,&.-" +%/0)*"1 $% $!" &#$"*2"*"#+"3
) 4)'! "56&-&.*&6/ %2 $!" ,)/" G "7&'$' &2
(κ1 − 1)(κ2 − 1) > 0 <=>9?IA
8&$! κi 1"9#"1 &# :*%0%'&$&%# ;<
:*%%2 = J"& +% -1%"28" &!)& &!" (+28" x2 = κ1f(x1) !)% &E- )%436&-&"% $'
x1 = 1 )'* x2 = κ1 )'* x1 = κ2f(x2) !)% &E- )%436&-&"% $' x2 = 1 )'* x1 = κ2.
B. κ1 > 1 <κ1 < 1A &!" (+28" x2 = κ1f(x1) 0$"% -' &!" 2$D!& <0".&A -. -&!"2 (+28"
)% x1 → +∞. K$3$0)204; $. κ2 > 1 <κ2 < 1A &!" (+28" x1 = κ2f(x2) 0$"% -' &!"
0".& <2$D!&A -. -&!"2 (+28" )% x2 → +∞.  !"'; 1"()+%" -. &!" (-'&$'+$&4 -. &!" &E-
(+28"%; &!"4 !)8" &- (2-%% )& 0")%& $' -'" 6-$'&9  !+%; &E- (+28"% (2-%% $. κ1 < 1
)'* κ2 < 1 -2 $. κ1 > 1 )'* κ2 > 1.  !"%" (-'*$&$-'% )2" $360$"* 14 <=>9?IA9  !$%
(-'(0+*"% &!" 62--. -. 52-6-%$&$-' @9 
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Interference limited regime f(x
i
) and its approaximation
f(x
i
)
approximation of f(x
i
)
 !"#$%  !"# $ f(xi) %& '()%* )%&+ ,&* %-' ,../(0%1,-%(& f˜(xi)
 !"!#$% &'"()*)'"+ ,'# *-! .")/.!"!++ ', *-! 0$+- !/.)%)1#).2 $#! ()3&.%* *'
(!*!#2)"! $"$%4*)&$%%45 6!* .+ '1+!#7! *-$*8 )" 9!"!#$%%4 +:!$;)"98 $ +4+*!2 )" *-!
)"*!#,!#!"&! %)2)*!( #!9)2! 2$4 -$7! 2'#! *-$" '"! 0$+- !/.)%)1#).25 6!* .+ &'"+)<
(!# $ +4+*!2 =)*- κ1 = κ2. >-! *=' &.#7!+ xj = κif(xi), i, j ∈ {1, 2}, i 6= j, &#'++
!$&- '*-!# )" x1 = x2. ?.#*-!#2'#!8 *-! &.#7! x2 = κ1f(x1) @x1 = κ2f(x2)A -$+ *='
$+42:*'*!+ )" x1 = 1 $"( x2 = κ1 @x2 = 1 $"( x1 = κ2A5 >-!"8 ,'# κ1 = κ2 = 1,
*-! *=' &.#7!+ &#'++ $9$)" )" (1,+∞) $"( (+∞, 1). 6!* .+ '1+!#7! "'= ?)9.#!
BC5D =-!#! *-! 1!+* #!+:'"+!+ ', *-! *=' +4+*!2+ &'##!+:'"()"9 *' *-! *=' :$)#+
', &'!3&)!"*+ κ
(1)
1 = κ
(1)
2 = 1.05 $"( κ
(2)
1 = κ
(2)
2 = 2 $#! :%'**!(5 E* 1!&'2!+ $:<
:$#!"* *-$* *-! &.#7!+ =)*- κ
(1)
1 = κ
(1)
2 = 1.05 =)%% &#'++ $9$)" ,'# %$#9! x1 $"( x2
7$%.!+ +)"&! x2 = κ
(1)
1 f(x1) -$+ *=' $+42:*'*!+ )" x1 = 1 $"( x2 = 1.058 =-)%!
x1 = κ
(1)
2 f(x2) -$+ *=' $+42:*'*!+ )" x2 = 1 $"( x1 = 1.05. >-!+! &#'++)"9 :')"*+
&'##!+:'"( *' 0F+5 E" &'"*#$+*8 *-! &.#7!+ =)*- κ
(1)
1 = κ
(1)
2 = 2 =)%% ()7!#9! ,#'2
!$&- '*-!#5 E* )+ ='#*- "'*)&)"9 *-$* ,'# x1 ≫ 18 x2 ≈ 1 $"( ,'# x2 ≫ 18 x1 ≈ 1.
?#'2 $ *!%!&'22.")&$*)'" :')"* ', 7)!=8 )* )+ "!&!++$#4 *' /.!+*)'" =-!*-!# *-!
2'(!% ,'# N0 ≪ Pjgj )+ +*)%% $::%)&$1%!5 E" ,$&*8 )" +.&- $ &$+!8 Pi ≪ giCiσ2ij 8 1.* $%+'
Pi ≫ N0 -$+ *' 1! +$*)+G!( 1!&$.+! ', *-! +4+*!2 2'(!% $++.2:*)'"+5 >4:)&$%%48
*-! $(()*)'"$% 0F+ =)*- +'2! xi ≈ 1 $#! "'* )"*!#!+*)"9 ,#'2 $ :-4+)&$% :')"* ',
7)!= +)"&! *-! +4+*!2 2'(!% $++.2:*)'"+ $#! "'* +$*)+G!(5 >-.+8 $(()*)'"$% 0F+
$#! $#*),$&*+ )"*#'(.&!( 14 *-! $+42:*'*)& 2'(!%5
H4 ".2!#)&$% +)2.%$*)'"+8 =! &'.%( '1+!#7! *-$* 9$2!+ =)*- 2.%*):%! 0$+-
!/.)%)1#)$ !I)+* ,'# $ 7!#4 #!+*#)&*!( #$"9! ', +4+*!2 :$#$2!*!#+8 2'#! +:!&)G&$%%4
,'# 1 ≤ κi ≤ 1.15
J#':'+)*)'" K +.99!+*+ $%+' $" )*!#$*)7! $%9'#)*-2 ,'# &'2:.*)"9 $ 0$+- !/.)%)<
1#).2 1$+!( '" *-! 1!+* #!+:'"+!5 L-''+! $" $#1)*#$#4 :')"* x
(0)
1 $"( &'2:.*! *-!
&'##!+:'"()"9 7$%.! x
(0)
2 = κ1f(x
(0)
1 )5 ?#'2 $ :#$&*)&$% :')"* ', 7)!=8 *-)+ )+ !/.)7$<
%!"* *' &-''+! $#1)*#$#)%4 *-! *#$"+2)**!( :'=!# P
(0)
2 =
g1
σ221x
(0)
1 C1
,'# *#$"+2)**!# C
$"( (!*!#2)"! *-! :'=!# $%%'&$*)'" ,'# +'.#&! S1 =-)&- 2$I)2)M!+ )*+ .*)%)*4 ,."&<
*)'"5 >-! ':*)2.2 :'=!# $%%'&$*)'" ,'# "'(! S1 )+ P
(0)
1 =
g2
σ212x
(0)
2 C2
5 N! +-'#*%4
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 !"! #$ P
(0)
1 %& #'! (!&#  !&)$*&! $" *$+! S1 #$ *$+! S2. ,'!*- (. /&0*1 x
(0)
2 0# 0&
)$&&0(2! #$ 3$4)/#! x
(1)
1 = κ2f
(
x
(0)
2
)
- #'! (!&#  !&)$*&! $" *$+! S2 #$ &$/ 3! S1.
5. 0#! %#0*1 #'! 3$4)/#%#0$* $" #'! (!&#  !&)$*&!& $" *$+! S1 %*+ *$+! S2, 6! 3%*
$(#%0*  !&$/ 3! %22$3%#0$*& 32$&! %*+ 32$&! #$ #'! 7%&' !8/020( 0/4 %*+ 3$*9! 1!
#$ #'! 7%&' !8/020( 0/4: ;!  !"! #$ #'0& %21$ 0#'4 %& #'! (!&#  !&)$*&! %21$ 0#'4:
,'! (!&#  !&)$*&! %21$ 0#'4 0& 9! . %))!%20*1 "$ 0#& &04)2030#.: 7!9! #'!2!&&-
0#& 3$*9! 1!*3! 0& *$# 1/% %*#!!+: ,'0& 0&&/! 0& 022/&# %#!+ 0* <01/ ! =>:?: @!# /&
3$*&0+! #'! 0*#! "! !*3! 3'%**!2 60#' κ1 = κ2 = 1.05 %*+ #'! 3$  !&)$*+0*1 &$20+
%*+ +%&'!+ 3/ 9!& x2 = κ1f(x1) %*+ x1 = κ2f(x2): ,'! 7%&' !8/020( 0/4 !A0&#&
%*+ 0& /*08/!- (/# #'! (!&#  !&)$*&! %21$ 0#'4 +09! 1!& " $4 #'! 7%&' !8/020( 0/4
!9!* "$ 3'$03!& $" #'! 0*0#0%2 )$0*# % (0# % 02. 32$&! #$ #'! 7%&' !8/020( 0/4 (/#
+0B! !*# " $4 0#: 7/4! 03%2  !&/2#& &'$6 #'%#- 0" κ1 %*+ κ2 % ! ($#' 1 !%#! #'%*
=:=- #'! (!&#  !&)$*&! %21$ 0#'4 %26%.& 3$*9! 1!& #$ % 7%&' !8/020( 0/4:
2(/:/.1&1/% ;"  !" #$%&'()*+, +-".( κ1 -)/ κ20 *1( 23(/ 4!')* '*("-*'!)#{
x
(k+1)
1 = κ2f(x
(k)
2 ),
x
(k+1)
2 = κ1f(x
(k)
1 ),
C=>:DEF
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=1.05
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(2)
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 !"#$%  !"# $ %&'()*+', *-./01*2'1*3- 34 +3-./&2/-+/ 34 1)/ 5/01 &/0(3-0/
',23&*1)6 *- 1)/ *-1/&4/&/-+/ ,*6*1/7 &/2*6/
G* "%3#- 2% 1! 9%2/!& $" κ1 %*+ κ2 3$  !&)$*+ #$ ) %3#03%2 &0#/%#0$*& 6'! ! #'!
3'%**!2 1%0* $" #'! +0 !3# 20*H 0& '01'! #'%* #'! 9% 0%*3! $" #'! 0*#! "! 0*1 20*H:
7"!!8 9 @!# R(x) %*+ f(x) (! +!I*!+ %& 0* C=>:D>F %*+ C=>:D=F-  !&)!3#09!2.:
< $4 #'! #'!$ . $" 3$*# %3#0$* 4%))0*1- 6! H*$6 #'%# #'! IA!+ )$0*# 0#! %#0$*&
C=>:DEF 3$*9! 1! 0" #'! !01!*9%2/!& $" #'! 4%# 0A[
0 κ1f
′(x∗2)
κ2f
′(x∗1) 0
]
 !"#$%&'()  * +(,-.)/( 011-/%'2-3 23 41-5 6%7238 93'():()238 #$%33(1, 52'$ ;%)'2%1 <3-51(78( -: '$( #$%33(1,
 !" #$  %&'()*" + ()" (',"! *- $ '$". /-" 01"2 3'#$* (x∗1, x
∗
2) #&  &'()*#'$ '4 *-"
&5&*"6 {
x∗1 = κ1f(x
∗
2),
x∗2 = κ2f(x
∗
1).
/-"  %'+" 6 *!#1 7'$2#*#'$ #& "8)#+ ("$* *'
κ1f
′(x∗1)κ2f
′(x∗2) < 1 9:;.<=>
?#$7" *-" 4)$7*#'$ f(x) - &  -'!#@'$* (  &563*'*" y = 1A ," 7'$7()2" *- *
x∗1 ∼ κ1, x∗2 ∼ κ2, κ1, κ2 →∞.
B$2 -"$7" *-" 7'$2#*#'$ 9:;.<=> %"7'6"&
κ1f
′(κ1)κ2f
′(κ2) < 1
/-)&A *-"  %'+" 7'$2#*#'$ #& & *#&0"2 #4 *-" ! *" '4 2"7!" &" '4 *-" 2"!#+ *#+" f ′(κ1)
#& 4 &*"! *- $ 1/κ1. C#!&*A ("* )& "&*#6 *" *-" ! *" '4 D!',*- '4 R(x). C'! ( !D" xA
*-" "8) *#'$ 9:;.E;> 7 $ %" ,!#**"$ #$ *-" 4'!6
eR
xR
= exp
(
− x
eR
+
eR − 1
ReR
)
+ o(1),
'!A %5 * F#$D ('D !#*-6A #$ *-" 4'!6
R = log(x) + log(R)− x
eR
+ o(1),
/-"  %'+" "8) *#'$ #63(#"& *- * *-"  &563*'*#7 ! *" '4 D!',*- '4 R(x) #&  * (" &*
log(x). G$ *)!$A *-#& #63(#"& *- * *-" 2"!#+ *#+" '4 f(x) 2"7!" &"&  &563*'*#7 ((5
 & 1/(x log(x)) '! 4 &*"!. H'$&"8)"$*(5A *-" 7'$2#*#'$ 9:;.<=> #& & *#&0"2 4'! ( !D"
"$')D- κ1  $2 κ2. 
 !"#"! $%&' ()%*+ ,+&%-+
I"* )& *)!$ *' *-" 7 &" ,-"$ $'#&" #& 6)7- -#D-"! *- $ *-" )&"4)( !"7"#+"2
3',"!A Pigi ≪ N0. /-" *-!')D-3)* 7 $ %"  33!'1#6 *"2 %5
T i (Pi, Ri, Pj , Pj) = RiJ!
{
Ri ≤ PigiN0+Pjhji
}
= RiJ!
{
hji ≤ 1Pj
(
Pi
gi
Ri
−N0
)}
9:;.<:>
G$*"!"&*#$D(5A *-" *-!')D-3)* #$ 9:;.<:> #& $'$@"!' 4'!
Pk
Rk
> N0
gk
. ?#$7" J!'3'&#*#'$
< 2"0$"& 7'63("*"(5 *-" K &- "8)#(#%!# '$ *-" %')$2 !5 '4 *-" &*! *"D5 &"* #$ *-"
D"$"! ( 7 &"A #$ *-#& &"7*#'$ ," 4'7)& '$(5 '$ #$*"!$ ( 3'#$*& '4 P. /-"$A *-" )*#(#*5
4)$7*#'$ #& D#+"$ %5
vi(Pi, Ri, Pj , Rj) = Ri
1− "13
−
(
Pi
gi
Ri
−N0
)
Pjσ2ji
− CiPi 9:;.<;>
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 !" i = 1, 2. #!""$%&!'()'*+,- .$ /!'%)($" 01$ *23$ G =
{
S,
o
P,V
}
, .1$"$ 01$ %$0
! &+2,$"% /!)'/)($% .)01 01$ /!""$%&!'()'* %$0 )' G  !"#$ %!$ &%"#"%' (&)*%"+) ,$% V
*+),",%, +( %!$ (&)*%"+), -12.52. /)0
o
P ", %!$ +1$) ")%$23/# +4%/")$0 (2+5 P. 6!$
7+")% 2/%$ /)0 1+ $2 /##+*/%"+) ", 8"3$) 4' / 9/,! $:&"#"42"&5 +( 8/5$ G;
6!$ (+##+ ")8 12+1+,"%"+) ,%/%$, %!$ *+)0"%"+), (+2 %!$ $<",%$)*$ /)0 &)":&$)$,,
+( / 9/,! $:&"#"42"&5 ") %!$ ,%2/%$8' ,$% /)0 12+3"0$, %!$ $:&"#"42"&5 1+")%;
 !"#"$%&%"' ()  !"# G !$"%&' ! (!') #*+%,%-.%+" %/ !0$ 10,2 %/
gi
Ci
> N0, i = 1, 2.
3/ &)# !-14# 510$%&%10' !.# '!&%'6#$7 G )!' ! +0%*+# #*+%,%-.%+"
(
(R∗i , P
∗
i ), (R
∗
j , P
∗
j )
)
8)#.# P ∗i !0$ P
∗
j !.# &)# +0%*+# .11&' 1/ &)# #*+!&%10'(
1− ln
(
CjPiσ
2
ij
gj
))
Piσ
2
ij =
gj
Cj
−N0 -=>;?@.
!0$ (
1− ln
(
CiPjσ
2
ji
gi
))
Pjσ
2
ji =
gi
Ci
−N0 -=>;?A.
%0 &)# %0&#.4!,'
(
0,
gj
Cjσ
2
ij
)
!0$ (0, gi
Ciσ
2
ji
) .#'9#5&%4#,2: ;,'17
Ri =
PigiCi
gi − Pjσ2jiCi
!0$ Rj =
PjgjCj
gj − Piσ2ijCj
.
<.11/ = B) %!", */,$ %!$ ,',%$5 +( $:&/%"+), ,/%",C$0 4' 9/,! $:&"#"42"/ ", 8"3$)
4'
∂vi
∂Pi
=
gi
Pjσ2ji
exp
(
− 1
Pjσ2ji
(
Pi
gi
Ri
−N0
))
− Ci
/)0
∂vi
∂Ri
= 1−
(
1 +
Pigi
σ2jiPjRi
)
exp
(
− 1
σ2jiPj
(
Pi
gi
Ri
−N0
))
 "%! i, j = 1, 2, /)0 i 6= j.
D#,+E
∂v2
∂P2
=
g2
P1σ212
exp
(
− 1
P1σ212
(
P2
g2
R2
−N0
))
− C2
/)0
∂v2
∂R2
= 1−
(
1 +
P2g2
σ212P1R2
)
exp
(
− 1
P1σ212
(
P2
g2
R2
−N0
))
.
F&2%!$25+2$
∂2vi
∂P 2i
= − g
2
i
σ4jiP
2
j Ri
exp
(
− 1
Pjσ2ji
(
Pi
gi
Ri
−N0
))
< 0,
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i σ
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exp
(
− 1
Pjσ2ji
(
Pi
gi
Ri
−N0
))
< 0.
#$%&' ($) *++(& +, ($) )-% (.+!&
∂vi
∂Pi
= 0  !"
∂vi
∂Ri
= 0 i, j = 1, 2, i 6= j /012334
&%5567 %& 8.($ ($) 9)&( *)&5+!&) &(* ():.)& ,+* &+%*;) Si.
<+() ($ ( ($) =*&( )-% (.+! .! /012334 .& )-%.> 6)!( (+ ($) ,+66+8.!: +!) ?
Pigi
Ri
= N0 − ln
(
CiPjσ
2
ji
gi
)
Pjσ
2
ji. /0123@4
A.B.6 *67 ($) &);+!" .& )-%.> 6)!( (+(
1 +
Pigi
Ri
1
Pjσ2ji
)
exp
(
− 1
Pjσ2ji
(
Pigi
Ri
−N0
))
= 1 /0123C4
D7 &%9&(.(%(.!: /0123@4 .!(+ /0123C4 8) +9( .!(
1− ln
(
CiPjσ
2
ji
gi
))
Pjσ
2
ji =
gi
Ci
−N0. /0123E4
F)( fi(Pj) =
(
1− ln
(
CiPjσ
2
ji
gi
))
Pjσ
2
ji, ($)!'
d fi(Pj)
dPj
= −σ2ji ln
(
CiPjσ
2
ji
gi
)
.
#$%&' fi(Pj) .& .!;*) &.!: ,+* Pj ∈
(
0, gi
Ciσ
2
ji
)
 !" ");*) &.!: ,+* Pj ∈
(
gi
Ciσ
2
ji
,∞
)
2
#$%&'
fi
(
gi
Ciσ2ji
)
= max
Pj
fi(Pj)
G( .& ;6) * ($ (
fi
(
gi
Ciσ2ji
)
= gi/Ci > gi/Ci −N0.
#$%&' /0123E4 $ & (8+ *++(& Pj1∗  !" Pj2∗ &%;$ ($ ( Pj1∗ <
gi
Ciσ
2
ji
 !" Pj2∗ >
gi
Ciσ
2
ji
2
D7 /0123E4'
− ln
(
CiPjσ
2
ji
gi
)
Pjσ
2
ji =
gi
Ci
−N0 − Pjσ2ji.
8$.;$ .B56.)&' 97 /0123@4'
Pigi
Ri
=
gi
Ci
− Pjσ2ji.
A.!;) Pigi/Ri > 0 8) $ >) ($ ( Pj $ & (+ 9) &%;$ ($ ( Pj < gi/(Ciσ
2
ji)2 #$.&
;+B56)()& ($) 5*++, +, H*+5+&.(.+! I2 
G!()*)&(.!:67' ($) 5+8)*  66+; (.+! +, !+") Si ");+%56)& ,*+B ($) +!) +, !+")
Sj  !" Pi ")5)!"& +! .(& +55+!)!( +!67 >. ($) &7&()B 5 * B)()* * (.+
Cj
gj
.
 !"# $%&'()'('%*' +,-'. )/( 0/1%& 2/3'( ,%4 5,&' 677/*,&1/%  89
 !"#"$ %&'&()* +),&
 !" #$ %&'$()!* '&+ ",! -!'!*./ %.$!0 +,!' ",! '&($!0 ",! 1&+!*$ &2 ('"!*2!*!'%!$
.') ",! "*.'$3(""!) 1&+!*$ .*! &2 ",! $.3! &*)!* &2 3.-'("#)!4 5 6.$, !7#(/(8*(#3
'!%!$$.*(/9 $."($:!$ ",! $9$"!3 &2 !7#."(&'$ ;12.24< .') ;12.25<4 =#8$"("#"('- ;12.25<
(' ;12.24< 9(!/)$
1− xiRi
eRi − 1exp
(
− xi
eRi
+
eRi − 1
RieRi
+ ni
)
= 0 i = 1, 2 ;>?4@A<
+(", ni =
N0
Pjσ
2
ji
4 B7#."(&'$ ;>?4?@< .') ;>?4@A< 1*&C()! .' !7#(C./!'" $9$"!3 "& 8!
$."($:!) 89 . 6.$, !7#(/(8*(#34 D' &*)!* "& )!"!*3('! . 6.$, !7#(/(8*(#30 +! %.'
1*&%!!) .$ (' ",! %.$! &2 ",! ('"!*2!*!'%! /(3("!) *!-(3!4 E8$!*C! ",."0 (' ",($ %.$!0
;>?4@A< )!1!')$ &' ",! $9$"!3 1.*.3!"!*$ .') ",! &",!* 1/.9!* $"*."!-9 '&" &'/9
C(. xi 8#" ./$& C(. ni4 F,!'0 ",! -!'!*./ .'./9$($ 2!.$(8/! 2&* .'9 %&33#'(%."(&'
$9$"!3 (' ",! ('"!*2!*!'%! /(3("!) *!-(3! ($ '& /&'-!* 1&$$(8/! .') ",! !G($"!'%! .')
3#/"(1/(%("9 &2 6.$, !7#(/(8*(. $,&#/) 8! $"#)(!) (')!1!')!'"/9 2&* !.%, %&33#'(H
%."(&' $9$"!34 6!C!*",!/!$$0 +! %.' 2&//&+ .' .11*&.%, $(3(/.* "& ",! &'! .)&1"!)
2&* ",! ('"!*2!*!'%! /(3("!) *!-(3!4 D' ",! 2&//&+('-0 +! )!".(/ -#()!/('!$ 2&* ",($
.'./9$($4
I*&3 ;12.59<0 (" ($ 1&$$(8/! "& )!"!*3('! ",! 8!$" *!$1&'$! (' "!*3$ &2 *."! &2
"*.'$3(""!* i "& 1&/(%9 Pj &2 "*.'$3(""!* j4 J&')("(&'$ 2&* ",! !G($"!'%! &2 $#%, 8!$"
*!$1&'$! .*! )!".(/!) (' ",! 2&//&+('- $"."!3!'"4
2(/:/.1&1/%  ;"  ! xi > 1, "#$%&'( )*+,-. /0.,-,12 300-. ,! )4* 0456 ,!
1− xie−xi+1+ni > 0. ;>?4KL<
 ! "#$%78( ,. .)-,.92*: "#$%&'( )*+,-. ) .,4;52 /0.,-,12 300- ,4 -<2 ,4-231)5 (0, log xi),
=<,>< >0332./04*. -0 -<2 ?2.- 32./04.2 ,4 -23+. 0! 3)-2 -0 /05,>6 Pj 0! .0@3>2 Sj%
A300! M  !" #$ %&'$()!* ",! 2#'%"(&' &2 ",! C.*(.8/! R 1.*.3!"*(% (' x .') ζ
̥(R;x, ζ) = −ζ exp
(
− x
eR
+
eR − 1
ReR
)
+
eR − 1
xR
. ;>?4K><
6&"! ",." ",! !7#."(&' ̥(R;x, ζ) = 0 ($ !7#(C./!'" "& ;>?4N?< .') ;>?4@A< 2&*
ζ = 1 .') ζ = eni , *!$1!%"(C!/94 O! .'./9P! ",! 8!,.C(&#* &2 ̥(R;x, ζ) (' &*)!* "&
%,.*.%"!*(P! ("$ P!*&$ 2&* ζ ∈ [1,+∞). F,! .'./9$($ 2&* ζ = 1 +.$ ./*!.)9 %.**(!)
&#" (' ",! 1*&&2 &2 Q*&1&$("(&' K4
F,! 2&//&+('- /(3("$ ,&/)
lim
R→0+
̥(R;x, ζ) = ̥(0, x, ζ) = −ζ exp(−x+ 1) + 1
x
lim
R→+∞
̥(R;x, ζ) = +∞.
 !" #$ %&'$()!* ",! "+& 2#'%"(&'$ &2 ",! C.*(.8/! R
h(R;x) = − exp
(
− x
eR
+
eR − 1
ReR
)
.')
k(R;x) =
eR − 1
xR
.
 !"#$%&'()  * +(,-.)/( 011-/%'2-3 23 41-5 6%7238 93'():()238 #$%33(1, 52'$ ;%)'2%1 <3-51(78( -: '$( #$%33(1,
 !" #$%& '()*&+,) -./("% − exp(−x+1) +) R = 0 .)0 −1 ',$ R→ +∞. 1& 0"*$".%"%
(2 &, . 3+)+3(3 .)0 &!") +)*$".%"% .4.+)5  !" '()*&+,) k(R;x) +% +)*$".%+)4 ',$ .)6
2,%+&+-" -./(" ,' R.  !")7 &!" '()*&+,) ̥(R;x, ζ)3.6 0"*$".%" +) .) +)&"$-./ .$,()0
R = 0 +' &!" %/,2" 80"$+-.&+-"9 ,' &!" 2$,0(*& ζh(R;x) +% /,:"$ .)0 &!" 0"$+-.&+-"
,' k(R;x). ;,$ /.$4" R +& 0"#)+&+-"/6 +)*$".%"%5 1' ̥(R;x, ζ)|R=0 < 0 &!")7 &!"$"
+% .) R = R♦ %(*! &!.& ̥(R;x, ζ) < 0 ',$ R ∈ (0, R♦) .)0 ̥(R;x, ζ) > 0 ',$
R ∈ (R♦,+∞).  !")7 &!" 2,+)& R = R♦ +% . 3+)+3+<"$ ,' &!" (&+/+&6 '()*&+,) ,'
4.3" G.  !"$" +% ), 3.=+3+<"$ +)&"$)./ &, &!" %&$.&"46 %"&7 +5"5 &!" >"%& $"%2,)%"
&, x +% R = 0. 1' ̥(R;x, ζ)|R=0 > 0, &!") ̥(R;x, ζ) *,(/0 !.-" &:, <"$,%5  !" #$%&
8:+&! /,:"$ -./("9 <"$, *,$$"%2,)0% &, . 3.=+3+<"$ ,' &!" (&+/+&6 '()*&+,)5 ?) &!"
*,)&$.$67 &!" %"*,)0 *,$$"%2,)0% &, . 3+)+3+<"$5  !(%7 . )"*"%%.$6 *,)0+&+,) ',$
!.-+)4 . ),)<"$, >"%& $"%2,)%" +% &!.&
̥(0;x, ζ) = −ζ exp(−x+ 1) + 1
x
,
:!+*! *,+)*+0"% :+&! 8@A5BC9 ',$ x > 0 .)0 ζ = en. D"& (% 0"),&" >6 R(a)(x, ζ) .)0
R(b)(x, ζ) &!" <"$,% ,' ̥(R;x, ζ) *,$$"%2,)0+)4 &, &!" 3.=+3+<"$ .)0 3+)+3+<"$ ,'
&!" (&+/+&6 '()*&+,)5 E+)*" h(R;x) +% )"4.&+-" ',$ .)6 R > 0 .)0 x > 1, ',$ ζ ≥ 1 +&
$"%(/&%
̥(R;x, ζ) ≤ ̥(R;x, 1).
 !+% +32/+"% &!.& R(a)(x, ζ) ≤ R(a)(x, 1) .)0 R(b)(x, ζ) ≥ R(b)(x, 1).
F" ,>%"$-" &!.& ',$ x > 1
̥(log(x);x, 1) ≤ 0
.)0 $"*.// &!.& ̥(R;x, 1) < 0 ,)/6 +) &!" +)&"$-./ (R(a)(x, 1), R(b)(x, 1)).  !(%7 R =
log(x) %"2.$.&"% &!" <"$,% ,' ̥(log(x);x, 1), +5"5 R(a)(x, 1) ≤ log(x) ≤ R(b)(x, 1).
E+)*"
R(a)(x, ζ) ≤ R(a)(x, 1) ≤ log(x) ≤ R(b)(x, 1) ≤ R(b)(x, ζ),
R = log(x) ./%, %"2.$.&" &!" &:, "-")&(./ $,,&% ,' ̥(R;x, ζ).  !+% *,)*/(0"% &!"
2$,,' ,' G$,2,%+&+,) @C5 
;$,3 &!" >"%& $"%2,)%"% +) &"$3% ,' $.&"7 +& +% %&$.+4!&',$:.$0 &, 0"&"$3+)" &!"
>"%& $"%2,)%" +) &"$3% ,' 2,:"$% ',$ &!" &:, 2/.6"$%5
 !"# $%&'()( *+',& -.&/ .,0 1+2/3 455+6.&'+,
1) &!+% %"*&+,)7 :" %&(06 &!" H,+)& $.&" .)0 2,:"$ .//,*.&+,) :!") >,&! &$.)%I
3+&&+)4 ),0"% *,,2"$.&" &, 3.=+3+<" &!" (&+/+&6 '()*&+,) +) &!" %.3" %&$.&"46 %"&
P ,' 4.3" G 8%"" E"*&+,) @A5B95
 !" ,>H"*&+-" '()*&+,) +% 0"#)"0 .%
u (P1, P2, R1, R2) =
2∑
i=1,i6=j
(Ti (Pi, Ri, Pj , Rj)− CiPi) 8@A5BA9
=
2∑
i=1
(RiFi(ti)− CiPi) . 8@A5BJ9
F" *,)%+0"$ .4.+) &!" &:, "=&$"3" $"4+3"% :!") &!" ),+%" +% -"$6 !+4! .)0
:!") +& +% )"4/+4+>/" *,32.$"0 &, &!" +)&"$'"$")*" 2,:"$ /"-"/5 1) >,&! *.%"% :"
 !"# $%&'()( *+',& -.&/ .,0 1+2/3 455+6.&'+,  7 
 !"# $!%$ $!& "'$()*) +& "*+,& %--",%$(". '+(/(-&0& %  (.0-& * &+ $+%. )(  (".1
2!& 3"--"#(.0 $#" '+"'" ($(".  $%$& $!& +& *-$ 1
13+%+8'&'+,   "  !" #$ %$$#&! "'%" "'! ()*$! *$ +!,- '*.' /)&0%,!1 ") "'! 0)2!,
",%($&*""!1 3- "'! ",%($&*""!,4 ), !5#*+%6!("6-4
gi
Ci
> N0 %(1
gi
Ci
≈ N04 i = 1, 27
8'!(4 *9
log
gi
CiN0
> log
gj
CjN0
i, j = 1, 2 i 6= j 4561789
",%($&*""!, Si ",%($&*"$ %" 0)2!, Pi =
1
gi
(
gi
Ci
−N0
)
%(1 ,%"! Ri = log
(
gi
CiN0
)
≈
gi
CiN0
4 %(1 "'! ",%($&*""!, j *$ $*6!("4 *7!7 Pj = Rj = 07
:()(-%+-;< #!&. $!& ."( & ( .&0-(0(=-& ,")'%+&> $" $!& (.$&+3&+&.,& 3+") $!&
"$!&+ * &+ $!& 3"--"#(.0 +& *-$ !"-> 1
13+%+8'&'+,  !"  !" #$ %$$#&! "'%" "'! ()*$! +%,*%(/! *$ +!,- 6)2 2'*6! "'! 0):
"!("*%6 *("!,9!,!(/! 9,)& "'! $)#,/! /)#61 3! $#3$"%("*%66- '*.'!,4 *7!4 N0 → 0 %(1
σ221
C2
≫ 0 9), ",%($&*""!, ; %(1 N0 → 0 %(1 σ
2
12
C1
≫ 0 9), ",%($&*""!, <7 8'!,! 1)!$
()" !=*$" %( )0"*&#& %66)/%"*)( $",%"!.- 9), 3)"' P1, P2 > 0. >9 ?12.64@ *$ $%"*$A!14
",%($&*""!, i ",%($&*"$ %" 0)2!, %(1 ,%"!
Pi =
1
gi
(
gi
Ci
−N0
)
≈ 1
Ci
%(1 Ri = log
(
gi
CiN0
,
)
,!$0!/"*+!6-4 2'*6! ",%($&*""!, j $"%-$ $*6!("7
B,))9 C ?. "+>&+ $" '+"/& @+"'" ($(". 55 #& A+ $  !"# $!%$< 3"+ C1, C2 > 0
$!&+& ( ." "'$()*) ,"++& '".>(.0 $" +& "*+,& %--",%$(". ()'-;(.0 ="$! .">& (.
$!& (.$&+3&+&.,& -()($&> +&0(".1 2!&.< #&  !"# $!%$ %. "'$()*) ()'-;(.0 $!%$ ".&
"3 $!&  "*+,& ,%* & %. (.$&+3&+&.,& )*,! !(0!&+ $!%. $!& ."( & -&/&- "3 $!& "$!&+
,"))*.(,%$(". ,%.."$ =& (.$&+.%- $" P =*$ ($ ,"*-> -(& ". ($ ="*.>%+;1 B"+&
 '&,(A,%--;< ($ ( % #"+C(.0 '"(.$ #!&+& $!&  "*+,& ,%* (.0 !(0! (.$&+3&+&.,& ( $!&
".-; ".& $!%$ $+%. )($ 1 2!& %''-(,%=(-($; "3 $!& )">&- 3"+ $!& (.$&+3&+&.,& -()($&>
+&0()& 3"+ $!& "$!&+ ,"))*.(,%$(". '+"/(>& $!& ,".>($(". (. @+"'" ($(". 55 3"+
$!& "'$()%-($; "3 $!& '"(.$ %$ $!& ="*.>%+; "3 P.
D&$ * %  *)& $!%$ $!&+& &E( $ %. "'$()*) ,"++& '".>(.0 $" $!& % ,".>($(".
#!&+& ="$! ,"))*.(,%$(". ",,*+ (. $!& (.$&+3&+&.,& -()($&> +&0(".1 F&  !"# =;
,".$+%>(,$(". $!%$  *,! %  ($*%$(". >"& ."$ !%''&.1 D&$ * ,". (>&+ $!& *$(-($;
3*.,$(". (. 4561G91 ?$ >&+(/%$(/& #($! +& '&,$ $" Pi %.> Ri %+& 0(/&. =;
∂u
∂Pi
=
Rigi
Pjσ2ij(e
Ri − 1) exp
(
− ti
Pjσ2ij
)
− Rjtj
σ2jiP
2
i
exp
(
− tj
Piσ2ij
)
− Ci 45617H9
%.>
∂u
∂Ri
= 1− exp
(
− ti
Pjσ2ij
)
− RiPigie
Ri
Pjσ2ij(e
Ri − 1)2 exp
(
− ti
Pjσ2ij
)
, 4561779
+& '&,$(/&-;1 I. &E$+&)& 4)%E()(J&+ "+ )(.()(J&+9 "3 4561G9 (.$&+.%- $" P  !"*->
 %$( 3; $!&  ; $&) "3 &K*%$(". 
∂u
∂Pi
=
∂u
∂Ri
= 0, 45617G9
 !"#$%&'()  " *(+,-).( /00,.%'1,2 12 30,4 5%6127 82'()9()127 #$%22(0+ 41'$ :%)'1%0 ;2,40(67( ,9 '$( #$%22(0+
 !"!#
Rigi
σ2ijPj(e
Ri − 1) exp
(
− ti
Pj
)
− Rjtj
σ2jiP
2
i
exp
(
− tj
σ2jiPi
)
= Ci, i, j ∈ {1, 2}, i 6= j
$%&!'()
*+,
1− exp
(
− ti
Pjσ2ij
)
=
PiRigie
Ri
(eRj − 1)2Pjσ2ij
exp(− ti
Pjσ2ij
), i, j ∈ {1, 2}, i 6= j. $%&!'-)
./01 $%&!'-) 2" 034* +
exp
(
− ti
σ2ijPj
)
=
σ2ijPj(e
Ri − 1)2
σ2ij(e
Ri − 1)2Pj +RigieRiPi , i, j ∈ {1, 2}, i 6= j. $%&!56)
7+ 48"  +4"/9"/"+:" ; 1 4", /"< 0+# ti =
Pigi
eRi−1
, *= *;/"*,> , =:?==",  + @":4 0+
%&!'! A8"+# =?3=4 4?4 +< $%&!56)  +40 $%&!'() > ";,=
Rigi(e
Ri − 1)
(eRi − 1)2Pj +RigieRiPi−
PjRjgj(e
Rj − 1)
Pi [(eRj − 1)2Pi +RjgjeRjPj ] = Ci i, j ∈ {1, 2}, i 6= j.
$%&!5%)
B" =802 48*4 48" =>=4"1 09 "C?*4 0+= $%&!5%) ,0"= +04 *,1 4 *+> =0;?4 0+ =?:8
48*4 Pi > 0 *+, Ri > 0. D"4 ?= ,"E+"
Si =
Rigi(e
Ri − 1)
σ2ij(e
Ri − 1)2Pj +RigieRiPi $%&!5&)
*+, 03="/F" 48*4 Si > 0 90/ Pi > 0 *+, Ri > 0. A8"+# $%&!5%) :*+ 3" /"2/ 44"+ *=[
1 −P2
P1
−P1
P2
1
] [
S1
S2
]
=
[
C1
C2
]
. $%&!5G)
@ +:" 48" 1*4/ H  + 48" ;!8!=! $;"94 8*+, = ,") 8*= /*+I %# 48" =>=4"1 20?;, *,1 4
 +E+ 4" =0;?4 0+=  9 *+, 0+;>  9
C2
C1
= −P1
P2
.
J02"F"/# C1, C2 > 0, 48?= 48" =>=4"1 $%&!5%) ,0"= +04 *,1 4 *+> K0= 4 F" =0;?4 0+!
D"4 ?= :0+= ,"/ +02 48" K0== 3 ; 4> 40 8*F" *+ 0K4 1?1 K0 +4 =?:8 48*4 0+"
+0,"  = 20/I +<  + 48"  +4"/9"/"+:" ; 1 4", /"< 0+! B 480?4 ;0== 09 <"+"/*; 4> 2" :*+
*==?1" 48*4 S1  = =?:8 * =0?/:" *+, 0 ≤ N0 ≤ P2! A8"+# $%&!'L)# $%&!'')# $%&!'()#
*+, $%&!'-) 80;, 90/
t1 =
P1g1
eR1 − 1 $%&!5M)
*+,
t2 =
P2g2
eR2 − 1 −N0. $%&!5L)
A8"+# 90;;02 +< 48" =*1" *KK/0*:8 *=  + 48" :*=" 28"+ 3048 :011?+ :*4 0+= 0::?/
 + 48"  +4"/9"/"+:" ; 1 4", /"< 1" 2" 034* +[
1 −
(
P2
P1
− R2(eR2−1)
P1g2
N0
)
−P1
P2
1
] [
S1
S2
]
=
[
C1
C2
]
. $%&!5')
 !"# $%&'()*+, -'.%,/.  #0
 !"#$ %&$ '(%)!* !" %&$ +,&,-, &(- )(". /0 %&$ -1-%$' (2'!%- ( 3"!43$ -5+3%!5"
6!%&
S2 =
(
C1 +
P2
P1
C2
)
P1g2
(eR2 − 1)N0R2 . 78/,99:
;&$ <)$=!53- $43(%!5" 78/,99: ("2 %&$ 2$>"!%!5" !" 78/,9/: 1!$+2(
C1 +
P2
P1
C2
)
P1g2
(eR2 − 1)N0R2 =
R2g2(e
R2 − 1)
σ221(e
R2 − 1)2P1 +R2g2eR2P2 . 78/,9?:
@1 '(.!"A 3-$ 5B %&$ (--3'<%!5" %&(% P2, R2 > 0, 6$ #(" )$6)!%$ 78/,9?: (-
(C1P1 + C2P2)
[
P1
R22P2g2
+
g2e
R2
σ221(e
R2 − 1)2R2
]
=
N0
P2σ221
. 78/,9C:
 !"#$ 6$ (--3'$ %&(% N0 ≪ P20 %&3-0 N0P2σ221 → 0 6&$" S1 !- !" %&$ !"%$)B$)$"#$
+!'!%$2 )$A!'$, ;&!- 5D-$)=(%!5" !'<+!$- (A(!" %&(%
C1P1 + C2P2 ≈ 0.
;&$)$B5)$0 %&$)$ !- "5 5<%!'3' !"%$)"(+ %5 P !" %&$ !"%$)B$)$"#$ +!'!%$2 )$A!5" 5B
 53)#$ 8, 
E+5-$2 B5)' )$-53)#$ (++5#(%!5" -%)(%$A!$- B5) %&$ A$"$)(+ #(-$ ()$ "5% (=(!+(D+$
("2 "3'$)!#(+ #5"-%)(!"$2 5<%!'!F(%!5" !- "$#$--()1,
 !"# $%&'()*+, -'.%,/.
G" %&!- -$#%!5"0 6$ (--$-- %&$ <$)B5)'("#$ 5B %&$ <)5<5-$2 (+A5)!%&'- ("2 #5'H
<()$ %&$', ;&$ )$-53)#$ (++5#(%!5" &(- ( #5'<+$* 2$<$"2$"#1 5" -$=$)(+ -1-%$'
<()('$%$)-0 $,A, "5!-$0 #&(""$+ A(!"-0 #5-%-, I$ &(=$ -$$" B)5' %&$ <)5<5-$2 D$-%
)$-<5"-$ (+A5)!%&' %&(%0 !" )$(-5"(D+$ #(-$-0 %&$ (+A5)!%&' #5"=$)A$- %5 %&$ J(-&
$43!+!D)!3' !" !"%$)"(+ <5!"%- 5B %&$ !"%$)=(+0 "5% 5" !%- D53"2()1, ;&!- &(- ( %65H
B5+2 D$"$>%, K!)-%+10 %&!- !'<+!$- %&(% ( #$"%)(+!F$2 #5''3"!#(%!5" !- 3""$#$--()1,
 $#5"2+10 B5) %&$ J(-& $43!+!D)!3' !" %&$ !"%$)=(+0 D5%& 3-$)- ()$ %)("-'!%%!"A ("2
%&!- A3()("%$$- %&$ B(!)"$-- 5B %&$ -1-%$', G" %&!- -$#%!5"0 6$ '(!"+1 #5"-!2$) J(-&
$43!+!D)!3' !"%$)"(+ %5 %&$ -%)(%$A1 -$%, I$ >)-% !"=$-%!A(%$ %&$ <$)B5)'("#$ 5B %&$
A('$ D(-$2 )$-53)#$ (++5#(%!5" 5" %&$ -1-%$' <()('$%$)-, I$ #5"-!2$) ( -1-%$'
6!%& <()('$%$)- σ212 = σ
2
21 = 0.1 ("2 g1 = g2 = 1. K!A3)$ 8/,L -&56- %&$ %&)53A&H
<3% (%%(!"$2 D1 %&$ (+A5)!%&' B5) M5!"% <56$) ("2 )(%$ (++5#(%!5" D(-$2 5" @(1$-!("
A('$- B5) !"#)$(-!"A #5-%- Ci = Cj , N- $*<$#%$20 !" %&$ A$"$)(+ #(-$0 (" !"#)$(-$
5B %&$ #5-%- !'<+!$- ( 2$#)$(-$ 5B %&$ (#&!$=(D+$ %&)53A&<3%, ;&$ -5+!2 +!"$ !" K!H
A3)$ 8/,L -&56- %&$ %&)53A&<3% !" %&$ !"%$)B$)$"#$ +!'!%$2 )$A!'$, G" %&!- #(-$ %&$
-1-%$' <$)B5)'("#$ !- #5'<+$%$+1 !"2$<$"2$"% 5B %&$ #&(""$+ #5-%, N% >)-% A+("#$0
%&!- D$&(=!5) #53+2 (<<$() -3)<)!-!"A, O56$=$)0 !% !- ( -%)(!A&%B5)6()2 #5"-$43$"#$
5B P)5<5-!%!5" L 6&$" 6$ 5D-$)=$ %&(% %&$ D$-% )$-<5"-$- 2$<$"2 5" %&$ #5-%- 5"+1
=!( %&$ )(%!5 C1/C2. ;&$ 2$<$"2$"#1 5B %&$ %&)53A&<3% 5" %&$ #5-%- D$#5'$- '5)$
("2 '5)$ )$+$=("% 6&$" %&$ "5!-$ !"#)$(-$-, ;&!- !- (<<()$"% B)5' %&$ 25% #3)=$
("2 %&$ 2(-&$2 #3)=$ !" K!A3)$ 8/,L, ;&$ 2(-&$2H25%%$2 +!"$ !" K!A3)$ 8/,L -&56-
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